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XYLOCAINE® HCI SOLUTION ASTRA 


The Name That Marks a New Era in Local Anesthesia 


Xylocaine provides peak values in: 
e Duretion ¢ Clinical Effectiveness « Clinical Tolerance « Speed 
« Stability « Versatility « Clinical Predictability « Safety « Depth 


Trade Name: XYLOCAINE Generic Name lidocaine’ 
Chemical Name: «© -Diethylaminoaceto-2,6-xylidide 
CoH, 
Chemical Structure: NHCOCH,N 


Potency: Two to three times that of procaine. 
Duration of Action: Two to three times that of procaine. 
Anesthetic Index: 1.8. Surface Anesthetic Index. 5. 


Safety Factor: Two to three times that of procaine (because smaller 
concentrations and volumes are clinically as effective ). 


Sensitivity: Allergic manifestations and sensitizing reactions 
have never been reported. 


inhibition of Therapeutic Action of Sulfonamides or Antibiotics. None. 


Versatility: Effective in local infiltration anesthesia; in major conduction 
anesthesia; in temporary therapeutic blocks for relief of pain; 
in topical anesthesia 


Available on Request: Descriptive literature, bibliography, and trial supply. 
Supplied Vials, 0.5%, 1% and 2% in 20 cc. and 50 cc. without and 

with epinephrine 1: 100,000; 100 cc. vials, 1% without epinephrine. 
Ampoules, 2 2% without and with epinephrine 1: 100,000. 


Astra Pharmaceutical Products, inc., Worcester 6, Mass. 
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IN THORACIC 
SURGERY 


THORAZINE* 
PREMEDICATION 


“induces in the patient 
a detached serenity and 
calmness untroubled by 
mental or emotional 


excitement.”! 


‘Thorazine’ is available in ampuls, tab- 
lets and syrup (as the hydrochloride}, 
and in suppositories (as the base). 


*T.M. Reg. ULS. Pat. Off. for chlorpromazine, S.K.F, 
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IN THORACIC SURGERY 


“THORAZINE 


allays anxicty 
. the most important action by ["Thorazine’] would appear to be its 
ability to allay anxiety and produce conscious indifference to the patient's 


surroundings.’” 


facilitates induction and maintenance of anesthesia 

With ‘Thorazine’ preoperatively, “induction of general anaesthesia is 
facilitated by reducing anaesthetic requirements and eliminating reflexes 
stimulated by endotracheal intubation. Maintenance of anaesthesia during 
surgical pneumothorax is characterized by a very stable pulse rate and 
blood pressure, and by a greatly reduced incidence of cardio-pulmonary 


reflexes due to hilar dissection and manipulation.”"! 


lessens the amount of lox al anesthetic m eded 

When ‘Thorazine’ was added to the premedication of 49 thoracoplasties, 
“the amount of ‘Novocaine’ needed was 2.5—}3 times smaller than usual. The 
reduction in the dosage of ‘Novocaine’ had no effect on the extent or duration 


of anaesthesia and produced no subjective pain.’"* 


reduces postoperative distress and suffering 

With ‘Thorazine’, “the patients were easily roused and the nursing staff 
were pleased with the degree of co-operation and lack of distress which 
voluntary movement and coughing produced Several patients, when 
asked if they felt pain, made such remarks as, ‘Oh yes! I've got a pain but 
it doesn’t worry me!’ 


reduces incidence of shock 
“{'Thorazine’| reduces incidence of surgical shock and post-anaesthetic 
morbidity in a group of surgical patients among whom these occurrences 


are common,”’! 


Dobkin, A.B., et al: Chlorpromazine in Anaesthesia for Surgical Treatment of Pul- 
monary Tuberculosis, Anaesthesia 10:428 (Oct.) 1955 

Boulton, T.B.: Oral Chlorpromazine Hydrochloride, A Clinical Trial in Thoracic 
Surgery, Anaesthesia /0:233 (July) 1955 

Elo, R., and Turunen, M.: Potentiation of Local Anesthesia by '¢ hlorpromazine} in 
Thoracoplasty, Ann. chir. et gynaec. Fenniae 44:10, 1955 
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>. 
| , Yea 
] 
See 
| 
: 
a 
i 
2 
4 


New PATRICIAN diagnostic unit 


— the low-cost x fay unit with major features 
you ve always wanted. You get 81-inch angu 
lating table * independent tube stand with 
choice of floor-to-ceiling or plattorm mount- 
ing * 200 ma-100 kvp, full-wave transformer 
and control * double-focus, rotating -anode 
tube, But that’s not all. 

You're equipped for vertical and horizontal 
radiography — Bucky and non-Bucky technics 
—even cross-table and sterco views. Focal-film 
distances up to full 40 inches at any table 
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Now, for only $4950° G. E. brings 


you complete 200-ma x-ray facilities 


*{.0.b. Milwaukee, U.S. A. 


angle as great as 48 inches cross-table 

The new PATRICIAN features a counter 
balanced fluoroscopic unit with full screening 
coverage. Even the new automatic reciprocat 
ing Bucky is counterbalanced — self -retaining 
in all table positions 


Contact your General Electric x-ray repre 
sentative for details or demonstration, and be 
sure to have him ¢ xplain the G-E Maxiservice® 
rental plan. Or write X-Ray Department, Gen 
eral Electric Company, Milwaukee 1, Wiscon- 
sin, for Pub. S-61 
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+ 
| 
iy 


~—a drug of choice, par- 
ticularly when daily therapy is required.’ 


—with oral isoniazid — 
77 per cent clinical and/or roentgeno- 
graphic improvement.' 


— gives more rapid con- 
trol of the infection, and surgical pro- 
cedures are reduced in magnitude.” 


— maintains the 
incidence and severity of recurrences at 
an insignificant level.’ 


—as initial therapy — 
combines the two most highly effective 
agents without the danger of neurotoxic 
damage.’ 


These opinions were presented at the 
THIRD ANNUAL SYMPOSIUM ON ANTIBIOTICS 
Washington, 0. C., November 2, 3 and 4, 1955 


by 1. Shubin, H., and Heiken, C. A 
2. Morton, R. F.; LaCaille, R. A.; Gold, A., and Prigot, A. 
3. Payne, H. M.; McKnight, H. V., and Harden, K. A. 


Supplied in single-dose vials containing 
1.4 Gm. Streptohydrazid (1 Gm. streptomyc 
combined with 236 mg. of isoniazid). 


For flexibility and convenience in the treat- 
ment of tuberculosis, the following Pfizer 
antibiotic and chemotherapeutic agents are 
also available — 
—Rubber-capped vials 
of 1 Gm. and 5 Gm. 
—Vials of 1 Gm. (2.5 cc.); 
5 Gm. (12.5 cc.). Also available in the NEW Stera- 
ject® cartridge (1 Gm.). 
— Rubber- 
capped vials of 1 Gm. and 5 Gm. 
— Vials of 1 Gm. 
(2.5 cc.) and 5 Gm. (12.5 cc.). Also in the NEW 
Steraject cartridge (1 Gm.). 
® (brand of isoniazid) —50 mg. scored tablets 
in botties of 100 and 1000. 
© (brand of viomycin sulfate) —Single-dose vials 
containing 1 Gm. and five-dose vials containing 
5 Gm. of viomycin base. 
* (brand of streptoduocin) — Dry powder in 
vials containing 1 Gm. and 5 Gm. 


PFIZER LABORATORIES 
Division, Chas. Pfizer & Co., inc. 
Brooklyn 6, 
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® Norisoprine in the AEROHALOR is so compact that 
it fits in the palm of the hand. 

This permits your bronchial asthma patients to self- 
administer NoRIsopRINE whenever, or wherever, an 
attack threatens. But, without attracting attention to 
themselves. 

More important, Norisoprine brings quick relief— 
almost as rapidly as with intravenous or intramuscular 
therapy: often where other commonly-used bronchodi- 
lators fail. 

And because the dosage can be accurately adjusted to 
each individual's need, serious side effects rarely occur. 

can you spot Have you thought about keeping a supply of Nortso- 
DRINE Sulfate in the AEROHALOR in your office? That 

way, you can quickly demonstrate its proper use, 

adjust dosage to tolerance, and get the 

patient started without added delay. Obbott 


the bronchodilator, 


Doctor? 


NORISODRINE 


(ISOPROTERENOL SULFATE, ABBOTT) 


in the AEROHALOR® 


(ABBOTT'S POWDER INHALER) 


FITS POCKET 
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Only Meat 


Meat 


Suppose we suddenly found ourselves in a 
“Brave New World,” in which all the rich protein, the B 
vitamins (including the important B,,), the minerals, and 
all the other nutrients of a juicy steak or a succulent pork 
chop could be compressed into a capsule. Suppose we were 
to take one or two such capsules each day. What would 


happen? 


Would we be just as healthy? Would we 
be as happy? 


There is something about man’s wish for 
meat that cannot be satisfied by chemical or mathematical 
analyses. The feeling of satisfaction, the downright enjoy- 
ment of biting into and chewing, the pleasurable effect of 
having eaten well... all these make meat more than just 
an impressive list of essential nutrients. Long before man 
knew anything about the science of nutrition he knew meat 
was part and parcel of his health and his joy of eating and 
of living. 

Other foods may be fortified and enriched, 
but none can ever take the place of meat. 


Only meat is meat. 


American Meat 


The nutritional statements made in this advertisement 
have been reviewed by the Council on Foods and Nutri- 
tion of the American Medical Association and found 
consistent with current authoritative medical opinion. 


Institute 
Main Office, Chicago ... Members Throughout the United States 
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juices. Highly ducderua, it is rapidly and 
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INJECTION PERFORMANCE. 
those from injected procaine penicillin G 
or _ from injected potassium penicillinG = Pa 
| that are higher, festetyand 
| Supplied: Pen- VeE-Or blets, 200,000 units, scored, bottles of 36; 500,000 units, — if 
bottles of 12. Also available: Vee Tablets, 100,000 units of benza-— 
thine penicillin G and 109900 units of penicillin V, bottles of 36.00 
atin V., (Phenoxymethyl Penicillin) 
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new 


Against Pathogen & Pain 


in urinary tract infections 


Azo Gantrisin combines the single, soluble 
sulfonamide, Gantrisin, with a time-tested 


urinary analgesic - in a single tablet. 


Prompt relief of pain and other discomfort is 
provided together with the wide-spectrum 
antibacterial effectiveness of Gantrisin which 
achieves both high urinary and plasma levels so 
important in both ascending and descending 


urinary tract infections. 
Each Azo Gantricin tablet mtains 0.5 Gm Gantrisin ‘Roche’ plus 50 mg 


phenylazo-diamino-pyridine HCl. Gentrisin™ - brand of sulfisoxazole 


Original Research in Medicine and Chemistry 
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THE RELATIONSHIP OF TUBERCULIN SENSITIVITY AND 
ADRENOCORTICAL FUNCTION IN HUMANS':*:* 


JAMES J. LANE, JR., EDMUND R. CLARKE, JR., ano THOMAS H. HOLMES 


teceived for publication August 1, 1955 


INTRODUCTION 


The application of quantitative tuberculin testing in relationship to the state 
of active tuberculosis has been studied by a number of investigators (1-23). More 
recent studies have demonstrated that the reaction to tuberculin in humans and 


animals is significantly altered following administration of corticotropin and /or 
cortisone (24-26). These observations suggest that the hypersensitivity reaction 
may be influenced by endogenous adrenocortical hormones, The purpose of this 
study was to investigate for the first time in the human organism the relationship 


of adrenocortical function, as measured by urinary 17-ketosteroid excretion, to 
tuberculin sensitivity 


MATERIALS AND METHODS 


Two intracutaneous injections, suitably spaced, of 0.000000002 me 


0.000002 me 
respectively, of purified protein derivative (PPD 


were given on the volar aspect of the 
left arm, and an injection of 0.00002 mg. was given intracutaneously on the volar aspect 
The dilutions of tuberculin were prepared by one person and kept refrig 


erated no longer than one week 


of the right arm 


New syringes and needles were used throughout all tests 
and the reactions were graded forty-eight hours after injection as follows (27, 28 
Negative absence of induration 

Plus 1: indurated area 5 to 10 mm. in diameter 

Plus 2: indurated area 10 to 20 mm. in diameter 

Plus 3: indurated area 20 to 30 mm. in diameter 

Plus 4: necrosis 


Population Tested 


Forty-three of the group tested were tuberculous adults under conventional therapy 
x 


in June and July, 1953) at Firland Sanatorium, Seattle, Washington: 4 Negro patients 


' From the Departments of Psychiatry and Physiology and Biophysies, University of 


Washington School of Medicine; and Firland Sanatorium, Seattle Washington 
? This study has been supported in part by a contract between the University of Wash 
ington and the Alaskan Air Command, Aretic Aerome lical Laboratory, Ladd Air Force 


Base, Fairbanks, Alaska und by the O'Donnell Psychiatrie Research Fund 


Presented by James J. Lane, Jr., as partial fulfillment for degree of Doetor of Medi 


cine from the University of Washington School of Medicine, in June, 1955 
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TABLE 1 
Reactions To Grapuatep oF PPD anv Excretions 
In SussectTs 


Reactions tot 17-Ketosteroids Mg. per 24 Hours 
Name Age ‘ Race* 
A Cc Sample ample 2 Sample 
W No 2 7 8.016 2.408 
L. No No 9.375 7.242 1.797 
L. Ww No 2 14.744 15.342 13.261 
wil Pal) Ib W No No 2 23.058 10.118 3.520 
aL 22 I W No 2 3 10.320 14.112 11.700 
42 ! No No 2 1.140 1.860 5.628 
L. No 2 7.42 7.272 5.670 
W No 2 0.250 11.792 7.277 
2) W No 2 3 0.900 12.816 8.118 
T N No No 2 15.288 5.409 1.10) 
A. 7 Al No 2 3 1.200 6.955 13.888 
W No 2 6.505 5.921 3.753 
M.M a5 No l 2 3.520 1.740 
26 W No 2 7.007 7.361 6.532 
C.J 24 M W No l 3 17.640 12.507 15.480 
o.w M W No No No 25.542 
yt) M W No 2 14.548 16.840 16.577 
r. F 27 M Ww l 2 3 18.128 15.246 9.20) 
i M.k 2 M W No No No 1.083 3.676 5.400 
wie M W No No l 7.086 10.425 765 
M No No No 7.005 5.56 S77 
M W No No No 9.920 11.070 
M. ¢ M W No 2 3 1.466 5.028 5.0381 
V.P 15 M No 2 1.750 3.362 
No 2 3 3.204 15.086 | 12.144 
5. P M No No No 10.118 21.138 
M W No No No IS. 422 22.050 24.287 
LJ wo M W No 1 2 10.332 10.773 9.775 
L. J 23 M W No No No 17.140 17.454 11.4346 
M. L M No No No 14.000 24382 15.225 
M. FE 5s M Ww No No No 10.680 18.078 16.352 
N.A 37 M W No 2 3 7.020 3.993 1.374 
od 17 M W No No No 5.846 18.480 14.400 
oO. M W No No No 22.960 22.638 24.180 
N.H 53 M W No 2 0.200 1.000 11.400 
52 M N No 2 10. 500 2.240 7.520 
s.0 Os M W No No No 5.133 5.720 6.272 
57 M No 2 11.550 6.075 5.S41 
oo “4 M W No No 2 14.070 7.728 17.7008 
B. C M N No l 2 6.309 +. S&S 1.717 
BK 63 M W No 2 3 0.230 9.000 7.15) 
DB 57 M Ww No 1 2 10.251 7.820 6.216 
4 2 BC DA M W No No No 11.070 10.034 12.000 
Cc. B M W No 2 5.104 11.960 7.344 
M W No No 5.250 3.700 3.638 
DA M No 2 7.772 
Pal] AY | No No l 11.385 6.000 5.617 
No | No 15.640 «5.966 | 7.582 


*W = White; N = Negro; 0 = Oriental; AI = American Indian. 
| t A = 0,000000002 mg.; B = 0.000002 mg -C = 0.00002 mg. PPD. 
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one 19-year-old female and 3 males, ages twenty-six to fifty two years; one 29-year-old 
Oriental male; and 38 white patients, of whom 12 were females, aged twenty-one to forty 
four years; and 26 males, aged twenty-seven to sixty three years. Five other white persons 


not patients, were included in the series: one 24-vear-old female with arrested pulmonary 


tuberculosis, and 4 healthy males. Two of the latter were twenty-three years old, and had 
had effective BCG vaccinations one year prior; and 2 other males, aged twenty three and 
twenty-four years, had had positive PPD reactions 


17?-Ketosteroid Determinations 


Three 24-hour urinary 17-ketosteroid determinations were made upon each subject by a 
modification of the method of Drekter and associates (20, 30). Both the total 17-ketosteroids 
per 24 hours and the per cent of 17-ketosteroids excreted above or below normal expectancy 
for age and sex were reported. The data reported by Kenigsberg, Pearson, and MeGavack 
$1) were used as normal values for males, and 9.3 mg per 24 hours were considered a not 


mal excretion for females, regardless of age. 


RESULTS 


The tuberculin reactions to graduated doses of PPD and the 17-ketosteroid 
excretions of all subjects are presented in table 1. No relationship of tuberculin 
sensitivity to race, age, or status of tuberculosis was observed. 

The apparent separation point between positive and negative tuberculin re 
actions in relation to the 17-ketosteroid excretion is approximately 15.0 mg. per 
24 hours, regardless of age, sex, or race. Ninety per cent, or 36 of 40 patients with 
less than 15.0 mg. per 24 hours of 17-ketosteroid excretion, were positive reactors 


were 


and 87.5 per cent, or 7 of 8 subjects with more than 15.0 mg. per 24 hours 
negative reactors (chi squared equals 18.5). The results are summarized in table 2. 

Observations on male subjects: The responses to varied doses of PPD in males are 
illustrated in table 3. The reactions obtained from the 0.00002 mg. dosage (first 
strength PPD) were compared with the average 17-ketosteroid excretion of the 


TABLE 2 


Reactions to of PPD 


17 Ketosteroid Mean Ex 
per 24 Hour 


Number of Subjects Tuberculin React 


37 Positive s.2 mg 


Negative 16.3 meg 


p of less than 0.001 


TABLE 3 
MALEes 


REACTIONS oF ro Vanious Doses or PPD 


Positive Reactors 
PPD Dosage Negative Total Number 
Reactors of Subjects 


0.00002 mg. (first-strength M4 
0.000002 mg. (0.1 first-strength Is i! 5 0 A 
0000000002 mg. (0.0001 first-strength 34 0 
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26% 
224 
184 
164 
144 
8 
104 
“ 8 
= 64 
4 
Negotive-——__ + | +2 +3 — 
Reactions to First Strength P_ P.O 
Fic. 1. The relationship of 17-ketosteroid exeretion and tuberculin sensitivity in males 
respective subjects for the two twenty-four-hour samples taken during the testing 
period. The following relationships were adduced (figure 1): 
a There was a significant difference in 17-ketosteroid excretion of the negative 
ah reactors versus the positive reactors (p of less than 0.001) 
The average negative reactor had a 17-ketosteroid excretion of 16.3 mg. pet 
% a: 24 hours and the average positive reactor had an excretion of 8.5 mg. per 24 hours 
| r All patients who had 17-ketosteroid excretions of 15 mg. or more per 24 hours 


were negative reactors, with one exception 

Of the negative reactors, the range of 17-ketosteroid determinations was from 
1.5 mg. to 25.5 mg. per 24 hours. Seventy-three per cent of the subjects had de 
terminations above 14.0 mg. per 24 hours 


In those with positive reactions, plus-1, plus-2, or plus-3, the range was from 
Bre 3.7 to 16.7 mg. per 24 hours. Ninety-one per cent of the subjects had 17-keto 
steroid levels below 14.0 mg. per 24 hours 


The relationship between the magnitude of the positive reactions and 17-keto 
steroid excretion was not significant 


The 17-ketosteroid excretions in males were corrected for age and compared 
with the reactions obtained from the 0.00002 mg. dosage (first-test strength), 
and the following data were obtained (figure 2): 


strength PPD, 20 (S7 per cent) had 17-ketosteroid excretions of less than the 
normal expected for their respective age ranges 


Of the 23 patients who reacted either plus-1, plus-2, or plus-3, to the first 


Of the 24 who had 17-ketosteroid excretions of less than the expected normal 
for their age, 20 (83 per cent) were positive reactors 

Of the 10 who had levels of more than the expected values for their age, 7 (70 
per cent) reacted negatively to the tuberculin 
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Percent of Normo! |7—Ketosteroid Excretion in 34 Moles 
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Fic. 2. The relationship of tuberculin sensitivity to the percentage of 17-ketosteroid 
excretion above or below the normal expected by age in the male subjects 


TABLE 4 


Reactions or Femaces To Various 


Doses or PPD 


Positive Reactors 
PPD D Negative Total Number 
sage Reactors ; of Subject 
+1 i? 


0.000002 me. (0.1 first strength 
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Fic. 3. The relationship of 17-ketosteroid excretion and tuberculin sensitivity in females 
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Percent of Normal |7—Ketosteroid Excretion in |4 Femoles 
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Fic. 4. The relationship of tuberculin sensitivity to the percentage of 17 ketosteroid 


exeretion above or below the normal expected in female subjects 


Observations on female subjects: The data in table 4 were obtained from the 14 
females tested. The reactions obtained from the 0.00002 mg. dosage (first-strength 
PPD) were compared with the average of the respective subjects’ 17-ketosteroid 
24-hour urinary excretion for the two 24-hour samples taken during the testing 
period. From the data illustrated in figures 3 and 4, the following facts 


are adduced 


All of the females tested were positive reactors to first-strength PPD 

The range of 17-ketosteroid excretion was from 4.1 to 14.3 mg. Thirteen (93 
per cent) of the subjects had determinations of less than 14.0 mg. per 24 hours 

The average 17-ketosteroid excretion per 24 hours of the female group was 
7.6 mg., which is 1.7 mg. below the given average normal of 9.3 mg. per 24 hours 


for females, irrespective of age 


DISCUSSION 


Both adrenal and testicular sources contribute to 17 ketosteroid content ot 
the urine (32,33), and it is recognized that the metabolism of these substances ts 
influenced by the liver prior to excretion by the kidney (34, 35). Despite these 
facts, in the absence of a single complete and quantitative test, the urinary 17 
ketosteroid excretion has been considered the best index of adrenocortical 
function (36). The use of 17-ketosteroids as an index of adrenocortical function 
in patients with tuberculosis was further justified in the laboratories of the present 
writers by a demonstration with chromatograms that the | l-oxygenated fraction 
with known adrenal precursors maintained a relatively constant percentage rela 
tionship to the total urinary 17-ketosteroids (37) 

The facts adduced in this study concerning the relationship of endogenous 
adrenal hormones and tuberculin sensitivity in humans are in keeping with the 
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results of other investigators who used different experimental methods. Hyper 
sensitive human subjects and experimental animals treated with cortisone failed to 


develop the expected reaction to the intracutaneous injection of tuberculin (24 


26). Long and Favour (24) have shown that there is consistent decrease in the 


induration and necrosis of skin reactions in tuberculin-sensitive people when 


treated with corticotropin or cortisone. Coulaud and Lemanissier (38) offer fur 


ther support for the relationship between the endocrine system and sensitivity 


to tuberculin. Selye (39) suggests that the decrease in the tuberculin reaction 


consequent to surgery and illnesses may be the result of increased corticoid pro 


duction by the adrenals in response to these nonspecific stresses 


Most relevant to the findings in this report are the investigations of Le Maistre 


and associates (40), who studied the effects of adrenocorticotropic hormone and 


cortisone on the course of tuberculous illness in seven patients. Six of the subjects 


were tested with an amount of PPD sufficient to produce a positive reaction prior 


to the administration of the hormone. Reversal of cutaneous hypersensitivity to 


this individually standardized amount of tuberculoprotein occurred during hor 


mone administration in three of the six patients and lasted for three to four weeks 


after cessation of hormone administration 


The mechanisms by which endogenous adrenal hormones may influence the 


cutaneous reaction to tuberculin in hypersensitive subjects are suggested by the 


work of others. The data from in vivo investigations indicate that cortisone re 


duces the loss of vascular tone and endothelial damage caused by the introduction 


of tuberculin into hypersensitive tissue (41, 42). Thomas (43) postulates that 


cortisone inhibits action of two separate tissue properties: one which depoly 


merizes hyaluronic acid, and another which augments capillary permeability 


Long-term studies have revealed two striking characteristics of 17-ketosteroid 


excretion patterns in patients with tuberculosis (44): a significant reduction in 


the quantity of 17-ketosteroid excretion; and wide variations in the amount ex 
creted by a given patient during brief and extended time intervals. These two 
features are suggested to some extent in table 1. It has also been demonstrated 


(44-46) that the 17-ketosteroid excretion levels may be influenced by emotional 


states in both normal and tuberculous persons 


From these data it was concluded that by inducing alterations in adrenocortical 


function, emotional reactions might play a role in resistance in tuberculosis by 


modifying the body's reaction to bacterial invasion. Although no inferences con 


cerning resistance can be made from this study (47), the relationship of tuberculin 


hypersensitivity and the urinary concentration of 17-ketosteroids demonstrated 


does provide additional evidence of a mechanism whereby emotional reactions 


might influence the interaction of the host and organism. 


SUMMARY 


A study of the relationship of tuberculin sensitivity and 17-ketosteroid excre- 
tion has been made in 34 males and 14 females, with known positive tuberculin 


tests, who were subjected to quantitative tuberculin testing with various 
strengths of PPD 
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The 11 subjects with negative reactions had a mean 17-ketosteroid excretion 


of 16.3 mg. per 24 hours (range 4.5 mg. to 25.5 mg. per 24 hours). Seventy-three 


per cent had 17-ketosteroid levels above 15.0 mg. per 24 hours. Of the 9 subjects 
with 17-ketosteroids above 15.0 mg. per 24 hours, 8 had negative reactions. 

In the 37 subjects with positive reactions, the mean 17-ketosteroid excretion 
was 8.2 mg. per 24 hours (range 3.7 mg. to 16.7 mg. per 24 hours). Ninety-five 
per cent (35 subjects) had 17-ketosteroid levels below 15.0 mg. per 24 hours. The 


difference in 17-ketosteroid excretion in the negative and positive reactions had 


a “p value” of less than 0.001 

It is concluded that endogenous adrenal hormones may influence the phenome- 
non of hypersensitivity in tuberculosis and that adrenocortical hyperfunction 
tends to be associated with a negative skin reaction to the concentration of PPD 


used in the present studies 


SUMARIO 


La Relacion de la Sensihilidad a la Tuberculina y la Funcion 


Corticosuprarre nal en loa Seres Humanos 


Kate estudio de la relacién de la sensibilidad a la tuberculina y la excrecién de 17-quetos 
teroides fué ejecutado en 34 varones y 14 mujeres, con conocidas pruebas tuberculinicas 
positivas, que fueron sometidos a comprobacién tuberculiniea cuantitativa con varias 
concentraciones de PPD 

Los 11 sujetos con reacciones negativas mostraron una exerecién media de 17-quetoste 
mg. en veinticuatro horas 


roides de 16.3 mg. en veinticuatro horas (variando de 4.5 a 25. 


Setenta y tres por ciento mostraron cifras de 17-quetosteroides superiores a 15.0 mg. en 
veinticuatro horas. De los 9 sujetos con mas de 15.0 mg. de 17-quetosteroides en veinticuatro 


horas, S tenlan reacciones negativas 

kin los 37 sujyetos con reacciones positivas, la exerecién media de 17 quetosteroides fué 
de 8.2 mg. en vemticuatro horas (variando de 3.7 a 16.7 mg. en veinticuatro horas). Noventa 
y cinco por ciento (35 sujetos) tuvieron cifras de 17-quetosteroides inferiores a 15.0 mg. en 
veinticuatro horas. La diferencia en la exerecién de 17-quetosteroides entre las reacciones 


positivas y negativas poseia un ‘‘valor p’’ de menos de 0.001 
Deddcese que las hormonas suprarrenales endégenas pueden afectar el fenémeno de la 
hipersensibilidad en la tuberculosis y que la funcién eérticosuprarrental tiende a asociarse 


con una eutirreaccién negativa a la concentracién de PPD usada en los estudios actuales 


RESUME 
Corrélation entre Uallergie & la tuberculine et la fonction cortico-surrénale chez Vhomme 


Les rapports entre l'allergie A la tuberculine et |'élimination des 17-cétostéroides ont 
été étudiés chez 34 hommes et 14 femmes dont les tests A la tuberculine étaient positifs 
Ces sujets ont été soumis A des épreuves quantitatives A la tubereuline avee le PPD a di 


verses concentrations 

Chez 11 sujets dont les réactions se sont montrées négatives l’exerétion moyenne de 
17-cétostéroides était de 16,3 mg par vingt- quatre heures (variant entre 4,5 mg A 25,5 mg 
par 24h.) Soixante treize pour cent avaient des concentrations en 17 -cétostéroides dépas 
sant 15 mg par vingt- quatre heures. Parmi les 9 sujets dont les concentrations en 17-cétos 
téroides dépassaient 15 mg par vingt-quatre heures, 8 avaient des réactions négatives 

Chez les 37 sujets ayant des réactions positives, l'exerétion moyenne des 17-eétostéroides 
était de 8,2 mg par vingt- quatre heures (variant entre 3,7 mg et 16,7 mg par 24 h.) Quatre 
vingt quinze pour cent (35 sujets) avaient des concentrations en 17-cétostéroides inférieures 
A 15 mg par vingt-quatre heures. La différence dans lexerétion des 17 cétostéroides dans 
les réactions positives et les réactions négatives avait une valeur “‘p” inférieure a 0,001 
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La conelusion de l'article est que les hormones surrénales endogenes peuvent influencer 
le phénoméne de l’hyperergie tuberculeuse et que l’hypercorticisme tend A s’associer A la 


réaction cutanée négative pour les concentrations de PPD utilisées dans l'étude actuelle 
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A STUDY OF TUBERCULOUS ROUND FOCI 
J. M. BLACK ann GRAHAM POOLE 
(Received for publication October 20, 1955) 


INTRODUCTION 


The constantly recurring problem of assessing the significance of round lung 
foci has interested the writers for some years. For this reason a study has been 
made of 124 such cases, observed at the Chest Clinic, The Churchill Hospital, 
Oxford, in order to determine a rational basis for their management. All of these 
pulmonary foci were presumed to be of tuberculous etiology, either because 
tubercle bacilli were isolated or because of a combination of factors, such as 
history of contact, the presence of calcification in the lesion, and subsequent be 
havior of the disease 

One of the earliest studies of round tuberculous foci was made by Assmann (1) 
who described a roundish, sharp, localized shadow situated just below the clavicle 
It is clear from Assmann’s earlier writings (1922 and 1925) that the early focus 
described by him was not discrete. From the literature it is evident that there is 
some dispute as to the relation of Assmann’s focus to sharply defined rounded 
tuberculous lesions (tuberculomas), as some writers make a clear distinction be 
tween them while others do not. 

The definition of round focus which has been adopted is one which, on a plain 
roentgenogram, appears solid, homogeneous, or heterogeneous, round or nearly 
round, with well-defined margins, and which is clearly separate from any adjacent 
disease. 

It was believed that the very small round focus was worthy of respect and, 
therefore, the foci in the present study were divided into two groups: those with 
a diameter greater than 1 em., and those with a diameter of | em. or leas. It is 
noted that references to round foci of less than | em. are uncommon in 
the literature. 

Included in the study were cases of multiple round foci as well as those of sin 
gle round lesions. Patients who had other tuberculous lesions, in addition to 
the round foci, were not excluded from the study. 


OBSERVATIONS 


Of the 124 cases of round tuberculous lesions, 98 (79 per cent) were cases of 
single round lesions with or without disease elsewhere and 26 (21 per cent) were 
multiple round lesions. There was a minimum follow-up period of one year in all 
cases; 17 patients were followed for one year, 11 patients for two years, 16 for 
three years, 15 for four years, 33 for four to six years, and 32 patients for more 
than six years. The cases are grouped according to the classification in table | 

All but 6 of the patients were between the ages of sixteen and fifty-five years 
(3 were less than sixteen vears of age and 4 were more than fifty-five years) while 
the majority (68.5 per cent) was in the age group twenty-six to fifty-five years 


' From the Chest Clinic, The Churchill Hospital, Headington, Oxford, England 
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TABLE 1 
or Toran Cases or Rounp Foct sy Sex, AND CLASSIFICATION 
Single Foci Cases Multiple Foci Cases All Cases 
Male Female Male bemale Male emale 
Round Foci : Total Total Tota 
Not present 
initially 
and de 
rived from 
Infiltration 7 7 4 25 l 7 31 
Blocked 
eavity 3 2 6 2 2 4 s 
Total 
Not present 
initially 10 5 2 " 12 s " 
resent 
is 15 65 
TABLE 2 
Sex or Tovar Cases or Rounp Foo sy Move or Discovery 
Numbers Percentage 
Mode of Discovery 
M I Total M I Total 
Routine roentgenogram 27 55.9 
New cases referred for diagnosis 25 26 204 1.0 
Total 124 100.0 100.0 100.0 


x? 067, n = 2,001 > p> 


It will be noted from table | that in approximately one-third of the total single 
and multiple cases the foci were not present initially, but this pattern was not 
uniform throughout the specific age and sex groups However, no statistical differ- 
ences were found at the 5 per cent level of probability (the criterion used through- 
out this paper) between the age and sex distribution of patients with single and 
multiple foci, whether the foci were present or not on first examination 

The most striking feature of table 2, which gives the analysis of total cases of 
round foci according to the source of discovery, is the very high percentage of 
female contact cases as compared with those of males. In routine roentgenograms 
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and, to a much less extent, in the new cases reported by general practitioners 
the male percentages exceeded the female 

The difference between the males and females related to the source of discovery 
Was statistically significant, and it seems that this must be due to the larger num- 
ber of cases of the disease in females discovered at contact examination. On the 
other hand, when the cases were analyzed by mode of discovery and age, no dif 
ferences were found which could not easily have arisen by chance (table 3) 

It may be seen from table 3 that there was a tendency for the contact cases to 
occur in the younger age groups, but it must be remembered that the number of 
such cases was small and, therefore, too much reliance should not be placed upon 
them 

Characteristics of the 98 single round foci: Of the 98 single, discrete, round foci, 
19 (50 per cent) were solitary, that is to say, there was no evidence of disease 
elsewhere; 21 (21.4 per cent) had no adjacent disease but had evidence of healed 
or unhealed disease elsewhere in the lungs; and 28 (28.6 per cent) had evidence 
of adjacent infiltration 

There was no important difference between the numbers of foei which occurred 
in the right and left lungs, as shown in table 4. The findings were similar to those 


of other observers so far as distribution between the three zones was concerned 


TABLE 3 
Ace rion of Toran Cases or Rounp Foot py Move or Discovery 
Number Percentage 
Mode of Discover Vear Vear 
Total Total 
wie 

Routine roentgenogram 27 33 16.6 is. 4 
Contact 5 13 13.8 7.6 
New cases referred for diagnosis 24 2s Sl 
Total 5s 124 100.0 

x 120. n 2 o70 p> om 

rABLE 4 
TION oF Sinare Foot Cases sy Zone 
of Po ! 
Total Mi Tota 
Right I 

pper zone 23 25 is 11s | 
Mid zone 21 12 38.2 27.0 33.7 
Lower zon 11 6 17 20.0 4.0 17.3 

x 252. n = 2,030 > p> OD] 
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TABLE 5 


Fate oF Rounp Foer 


Disappearance of round foci 


Decrease in size of round foei Is 
Increase in size of round foci 3 
Cavitation with or without spread 15 ” 


Spread without apparent cavitation 


Remaining unchanged 


TABLE 6 


or Disease RELATION TO PROGRESSION OF THE DISEASE 


Tue 


Per Cent 


ogressing 


and/or 
ogressing 


Solitary round foei 


hound foei and disease eleewhere but not ad 


jacent 
Round foei and adjacent disease 


Total 


Brackets denote groupings for chi-square test 
OOF > p> 0390 


x 


ater diameter than | em. 


Seventy-one (72.4 per cent) of these foci were of gre 
and 27 (27.6 per cent) were | em. or less in diameter. Seventy-three (74.5 per 


cent) were homogeneous and 25 (25.5 per cent) were heterogeneous. 
With regard to bacteriology, in 24 patients (24.5 per cent), tubercle bacilli were 
seen or cultured at some stage, and in 74 (75.5 per cent) the cultures were per- 


sistently negative 
The fate of the 98 patients with single round foci is summarized in table 5. 


Of the 21 cases of progressive disease mentioned in table 5, progression occurred 
in 8 within the first year; in 6 within the second year; in 2 within the third year; 
and in 5 after the third year. In a small proportion of cases it was noted that 
variation in the size of the focus did take place from month to month. 

In table 6 it will be observed that, of the 49 patients with solitary round foci 
and no disease elsewhere, 8 patients (16.3 per cent) either had cavitation and/or 
developed spread of the disease. When disease was present elsewhere but was not 
adjacent to the round foci, the disease in 4 (19 per cent) of 21 patients progressed. 
Among the 28 cases of round foci with adjacent disease, the disease of 8 patients 


(28.6 per cent) progressed. 
The differences between the patients with disease adjacent to the focus and 


the remainder of the patients could have arisen by chance. Nevertheless, there 


was a tendency for a higher proportion of such lesions to progress, and for this 
reason it is believed that a patient with a round focus merits special attention if 


there is adjacent disease. 
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TABLE 7 
PROGRESSION IN RELATION TO THE Stipe or THE LESION 


N Per Cent 
Lung Affected Progressing ot er Cen 


otal 
Progressing Tota Progressing 


Right 
Left 


Total 


O58. n = 1,050 > p > 0.30 


TABLE 8 


PROGRESSIVE 


RELATIONSHIP Grour anp or Rounp 


Right Lung 


Left Lung Total Cases 


Affected Number Number Total Number 
ny Progress Per Cent im Site -rogres Per Cent Number | Progress. Per Cent 
in neg in DSite ing 


I pper 23 of) 39.1 25 7 28.0 is 16 33.3 
Mid 21 5 23.1 12 l 8.3 33 6 18.2 
Lower ll l 9.1 6 17 l 5.9 


Total 


It is shown in table 7 that in a slightly higher percentage of patients (27.3 per 
cent) with disease in the right lung, the lesion deteriorated as compared with 
those with disease in the left lung (18.6 per cent), but the differences were not 
of any real importance 

A more detailed analysis of patients with progressive disease in relation to the 
three sites on either side is given in table 8. It is notable that a smaller percentage 
of the patients with foci in the lower zone had progressive disease, but the paucity 
of numbers may make the results unreliable 

In the present series, there is no significant difference between the number of 
foci less than and more than | em. in size in relation to progression of the disease 
Nevertheless, the percentage figures show that progression is more frequent in 
the larger lesions (table 9). The fact that nearly 15 per cent of the foci smaller 
than 1 cm. in diameter progressed showed that these cases which many writers 
have ignored — should be carefully supervised. 

In the age group sixteen to twenty-five, the disease of 5 of 33 (15.2 per cent) 
progressed. The corresponding figures for the twenty-six to fifty-five age group 
are 15 of 85 (17.6 per cent). Thus, there is no striking difference between the 
rate of progression in the two age groups. 

Multiple round foci: In the group with multiple round foci comprising 26 pa 
tients (21.0 per cent of the cases surveyed) there was a total of 79 individual round 
foci. The number of foci varied between 2 and 5 in each case; 30 foci occurred 
on the right side and 49 on the left. In 15 instances further round foci appeared 
after the first observation 
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TABLE 9 


IN RELATION TO Size or THe Lesion 


PROGRESSION 


Progressing Total 


> p> 0.30 


TABLE 10 


IN Retation TO Mops or Prox Up 


PROGRESSION 


Not Per Cent 


Mode of Discovery Progressing ‘ 
Progressing Progressing 


Routine roentgenogram 


New 


Contacts 


Total 


Brackets indicate groupings for chi-square test 
OD), n = 1,050) > p> 040 


The following summarizes the way in which the round foci in this group 


originated 
Round foci when first seen Sl 
Round foei developing from infiltration 26 
Round foci developing from blocked cavities ! 


Round foci appearing spontaneously while the patients were under 


IS 


observation 
Three of the foei in the first group subsequently developed into cavities and 


then reverted to solid foei by the process of cavity blockage 


Chemotherapy 


In table 11 is summarized the fate of round foci when treated with and without 


chemotherapy. The patients given chemotherapy prior to the formation of the 


round focus are not included 
When chemotherapy was used in the treatment of round foci, it was noted that 
a higher proportion of foci regressed or disappeared, compared with those not 


treated with chemotherapy. 

The value of chemotherapy is more striking when given after the breakdown 
of a round focus; almost one-third of the present series of foci disappeared when 
treated with chemotherapy after breakdown and, in addition, almost one-half 
regressed. In all cases in which the spread of the disease occurred following the 
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TABLE 11 


ANALYSIS or THE Fare or THE Rounp Foot Wirn ano Wrrnovutr 


Chemotherapy Given When Chemotherapy Given When 
Round Foci Present Round Foci Have Broken Down 


No Chemotherapy Giver 


Single Multiple Total Single Multiple Tota! Single Multiple Total 


U nehanged (80.0) 21 (67.7) GI (75.3 (42.1 (47.1) 16 (44.4 2 (14.3 6 (28.6 (22.9 
Decreasing 5 10.0 6 (10.4) 11 13.6 (42.) 7 (41.2) 18 (41.7 (87.1 (38.1 16 (45.7 
Increasing 24.0 0 2 (2.5 0 0 0 0 0 0 
Cavitating 24.0 1 (3.2 , (3.7 1 (5.3 0 1 (2.8 0 0 0 
ppearing 1 5.0 (9.7 2 (10.5 2 (11.7 4 4 (28.6 7 (33.3) (40.4 


Total SO (100.0) 31 (100.0) 81 (100.0) 19 (100.0) 17 (100.0) 36 (100.0) 14 (100.0) 21 (100.0) 35 (100.0 


Figures in parentheses indicate percentages 


breakdown of a round focus, rapid control of the new disease was speedily 
achieved by chemotherapy 


DISCUSSION 


Although round foci were present in the majority (67.7 per cent) of the patients 
when they were first seen, quite a high proportion were referred as new cases 
with symptoms for diagnosis (41.1 per cent). The remainder were either noted 
on contact examimation (15 cases, 10.5 per cent) or on routine mass miniature 
roentgenography (60 cases, 48.4 per cent). The cases were evenly distributed be 
tween the sexes and most of them occurred in the sixteen- to filty-five-year age 
group. Of the 98 single round foci, 20 (20.4 per cent) showed evidence of progres 

sion at some stage. These figures are similar to those of Mitchell (2) who reported 
a 25 per cent progression rate among his patients treated without chemotherapy, 
resection, or permanent collapse. A careful analysis of the patients was carried 
out to discover what differences, if any, existed between the foci which progressed 
and those which remained unaltered. No definite prognostic signs could be found 
although it was noted that, of those patients who had infiltration adjacent to the 
round foei, 29 (28.6 per cent) had progression of disease. The percentage rate of 
progression for those patients who had no adjacent infiltration but who had 
disease elsewhere was 19.0 per cent and for those with no disease elsewhere at all, 
the percentage was 16.5 per cent. It is believed that special attention should be 
given to those cases of adjacent infiltration 

The patient's age did not influence the outlook appreciably. There was a 15.2 

per cent progression rate in those between sixteen and twenty-five compared with 

a 17.6 per cent progression rate in those between twenty-six and fifty-five years 

of age. Although there may be a somewhat higher rate of progression in the first 

year of observation, progression still occurs with sufficient frequency after several 

vears to render observation of round lesions necessary for at least five years 

It is believed that the round foci smaller than | em require almost as much 

attention as those larger than | em. Of the very small round foci, 14.8 per cent 


progressed compared with 27.1 per cent of the larger ones. The difference was not 
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Fries. 1 and 2. Roentgenograms of « case, showing an area of infiltration resolving to 


round foeus formation 


statistically significant but even so the progression rate is high enough to warrant 
respectful attention 

It is interesting to note that the progression rate was highest when the foci 
occurred in the upper zones (33.3 per cent), less high in the middle zones (18.2 
per cent), and least in the lower zones (5.9 per cent). There was also a slightly 
higher progression rate on the right side (27.5 per cent) as compared with 18.6 
per cent on the left. 

Although patients with round foci referred to the clinic as “new cases for 
diagnoses” had a progression rate of 17.9 per cent, it is important to note that 
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Fics. 3 and 4. Roentgenograms of a case, showing a cavity resolving to round focus 
formation 


the round focus seen on routine roentgenograms had a 25.5 per cent Progression 
rate. For this reason the two groups merit equally careful observation and assess 
ment. 

In this series of 124 patients, 40 (32.3 per cent) showed no evidence of round 
foci at the initial examination; thus it was possible to observe their formation 
In only 8 of the 40 cases did round foci (10 in all) result from cavity blockage 
This is quite a different observation from that made by Bobrowitz (3) who con 
cluded that, in 55 patients with round pulmonary foci, the pathogenesis was re 
lated to tuberculous cavitation. He also emphasized the lack of evidence for a 
hematogenous origin. It is interesting to note that, in the present series. 31 of 


ve 
813 
| 
‘ 
Cavity L Round focus feng. 
j 
| 
z 
te 
i 
— 
ez 
at 
we 
= 


S14 BLACK AND POOLE 


ase 


Small rounel 
focus R. lang 


Fios. 5 and 6. Roentgenograms of a case, showing a round focus less than | em. in di 


ameter, breaking down to cavity formation 


the 40 cases (51 round foci in all) were seen to develop from areas of infiltration 
which, after treatment, contracted to round shadows. Hillerdal (4) states that 
the use of antimicrobial therapy in tuberculosis did not increase the incidence of 
tuberculomas in the material at Uppsala 

In only 3 of the cases of solitary round foci did the round foci increase in size, 
but in no case in the whole series was there roentgenographic evidence consistent 
with the lamination process described by MacLeod and Smith (5). A feature of 
a very few cases was a variation in the size of the round foci from month to month. 
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The progression rate was no higher in these cases than in the others. It was 
also noted that round foci frequently occurred in close relation to the pleura and 
often simulated encysted effusion. A similar observation was made by Wang (6 

In the multiple round foci group, a total of 18 round foci appeared spontane 
ously in areas of lung previously unaffected by disease. It is believed that these 
may have been due to tuberculous endarteritis occluding arterioles supplying the 
involved lung segment (7). In this group too, there seemed to be a distinet tend- 
ency for further new round foei to appear. In 2 cases, round foci repeatedly re- 
curred shortly after the termination of chemotherapy. That this tendency, at 
least in these cases, might be related to an abnormal state of allergy is suggested 
by the fact that further round foci did not appear after desensitization with 
tuberculin. 

At least half of the round foci were affected by chemotherapy and a few (one 
ninth) disappeared completely. The antimicrobial therapy of a round focus under 
going liquefaction produced even better results. Almost one-third of the lesions 
disappeared completely and just under one-half resulted in round foci smaller 
than the original ones. A smaller number (8 of 35 foei) reverted to their previous 
size. 

Cases of round foci larger than | em. should be treated with chemotherapy, but 
solitary round foei of | em. and less should be observed carefully and receive no 
chemotherapy, unless there is adjacent disease. In the latter circumstance, the 
decision to treat with antimicrobials or otherwise should depend on the pattern 
of that disease, the age of the patient, and the result of bacteriologie and other 
investigations. 

Once chemotherapy is started, it should be continued for many months. It may 
take six to twelve months before there is any appreciable change in the round 
focus, and to obtain maximum clearing some cases may require chemotherapy 
continuously for as long as two years. 

If, after chemotherapy, the round focus shows signs of progression at a later 
date, a further course of chemotherapy should be given. In some instances a 
breakdown of a lesion under careful observation might prove to be almost a 
blessing since not only does the new disease (in case of spread) rapidly yield to 
chemotherapy, but also the original lesion frequently reduces or disappears when 
it may have been refractory beforehand. Surgery should be employed in only a 
small proportion of cases, chiefly in those cases in which chemotherapy failed to 
produce satisfactory healing after breakdown of a round focus 

It should be stressed that, when dealing with intrathoracic round foci, care 
must be taken to exclude those foci due to conditions other than tuberculosis 
Moyes (8) lists the following causes: bronchogenic carcinoma, neoplastic metas 
tasis, lung abscess, pneumonia, encapsulated pleural effusion or empyema, con 
genital and acquired cysts, pulmonary hydatid cysts, lipoma, gumma, adenoma, 
hemangioma, hamartoma, pleural fibroma, neurofibroma, and coccidioidomycosis 

An excellent study of the difficult problem of distinguishing bet ween carcinoma 
and the tuberculous round focus has been made by Flavell (9). 

According to Abeles and Chaves (10), who studied 13 cases of pulmonary 
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“coin” lesions with calcification, the presence of calcium is strongly indicative of 
nonmalignant disease. This contention is supported by Flavell (9) who, at the 
same time, points out that active tuberculosis coexists in approximately 2 per 


cent of all patients with cancer of the lung. 

Several studies have been made of the fate of solid round lung lesions, in addi- 
tion to those mentioned above. Abeles and Ehrlich (11) followed 44 cases dis- 
covered by routine roentgenographic examination in which 27 per cent of the 
cases proved to be neoplastic disease and only 40 per cent proved to be tubercu- 
losis. Storey and associates (12) stated that, of 40 “coin” lesions, 28 were tuber- 
culomas and 7 were carcinomas. When there is serious doubt about the diagnosis, 


thoracotomy may have to be performed. 


SUMMARY 


One hundred and twenty-four patients with a total of 177 round foci have been 
studied ; 98 of these were patients with a single round focus. 

In 31 (31.6 per cent) cases of single round foci, the foci were derived from 
infiltration and in 8 cases from blocked cavities. In 84 (67.7 per cent) cases the 
round foci were present initially. Analysis of the round foci is made according to 
the source of the case, age and sex distribution, and fate of the foci. 

Progression of disease is analyzed in relation to the pattern of disease elsewhere, 
the site and size of the focus, and to chemotherapy. There was a progression rate 
of 20.4 per cent in the group of single round foci. 

It is believed that most patients with round foci should receive antituberculous 
chemotherapy, that surgery is only occasionally required, and that the prognosis 
with chemotherapy is good. 


SUMARIO 
Estudio de los Focos Redondos Tuberculosos 


Comprende este estudio 124 enfermos con un total de 177 focos redondos, siendo 98 
enfermos que no tenfan mds que un foco redondo 

En 31 (31.6 por ciento) casos de un solo foeo redondo, los foeos procedian de la infiltra 
cién y en 8 casos de cavernas obstrufdas. En 84 casos (67.7 por crento) los focos redondos 
existian desde el principio. El andlisis de los focos redondos comprende el origen del caso, 
la distribucién por edad y sexo y la evolucién de los focos 

El avance de la enfermedad se analiza en relacién con el patrén de la dolencia en otras 
partes, el sitio y tamafio del foco y el uso de la quimioterapia. Hubo un coeficiente de 20.4 
por ciento de agravacién en el grupo de focos redondos Gnicos. Opinase que la mayor parte 
de los casos deben ser atendidos con la quimioterapia, que la cirugia no se necesita més 


que de vez en cuando y que el prondéstico es bueno con la quimioterapia 


RESUME 
Une étude sur les foyers tuberculeux arrondis 


Cent vingt-quatre malades parmi lesquels il y avait en totalité 177 foyers arrondis ont 
été étudiés; 98 d’entre eux n’avaient qu'un seul foyer arrondi 

Dans 31 cas (31,6%) de foyer arrondi unique, les foyers arrondis étaient provoqués par 
l'infiltration et dans 8 cas par l’oblitération de cavernes. Dans 84 cas (67,7%) le foyers 


arrondis étaient initialement présents. L’analyse des foyers arrondis est faite en tenant 
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compte de l’origine de |'infection, de la répartition selon l’age et le sexe et de |'’évolution 
des foyers 

La progression de la tuberculose est analysée en corrélation avec les modalités de l'affec 
tion en d’autres points de l’organisme, le lieu et le volume du foyer et la chimiothérapie 
Le taux des cas évolutifs était de 20,4% dans le groupe A foyer arrondi unique. Les auteurs 
estiment que la plupart des cas doivent étre soumis A la chimiothérapie, que l’intervention 
chirurgicale n'est qu’occasionnellement requise et qu’avec la chimiothérapie le pronostic 
est bon 
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WITH AND WITHOUT CHEMOTHERAPY’ 
M. ETHEL FLOREY 
Received for publication December 2, 1955) 


INTRODUCTION 


This paper describes the further progress of the same patients as those dis- 
cussed in a 1952 report by the present writer (1). Only a brief summary, there- 
fore, of the conditions of the trial and progress for the first two years of the study 
is necessary. For further details the reader is referred to the original article. 


The trial was begun in March, 1948, at the Central Middlesex Hospital, the pa 
tients being under the supervision of Dr. C. H. C. Toussaint. The chemotherapeutic 
agent of the greatest interest at that time, streptomycin, Was the only agent employed 
during the first two years. For the last three years of most patients’ progress, the 
present writer acted as an observer only, taking no part in advising treatment. After 
the beginning of 1950, when relapses had occurred and para-aminosalicylic acid 
(PAS) became generally available in England, this agent was used in an occasional 
case, while isoniazid and thiosemicarbazone were also employed for 2 patients 

The definition of minimal pulmonary tuberculosis as applied to the patients who 
entered this trial was that employed by the National Tuberculosis Association in the 
United States in 1940 and 1950 (2) and was similar to that of the Prophit Tubereu 
loxis Survey 1935-1944 (3) in England, with the addition of a few other qualifications 
According to the former body, the roentgenographic condition was defined as “Slight 
lesions without demonstrable excavation confined to a small part of one or both 
lungs. The total extent of the lesions, regardless of distribution, shall not exceed the 
equivalent of the volume of lung tissue which lies above the second chondrosternal 
junction and the spine of the fourth or body of the fifth thoracic vertebra on one 
side.” With the exception of patients with a primary complex or the presence of 
cavitation, which became apparent only after roentgenograms of the patients were 
obtained at the hospital, this anatomic deseription was strictly followed. In addition, 
patients were required not only to show positive bacteriologic evidence of tubercu 
losis from sputum or laryngeal swabs, but there had to be no indication that the 
disease had been active for more than one year before treatment 

Thirty-seven such patients were gradually collected from the tuberculosis unit 
and 18 of these, alternating in striet chronologic order of positive bacteriologic re 
ports, were studied as “controls” for the streptomyeim treated patients. These 1S, 
when practicable, received the treatment then in routine use at the clinic; that is, 
collapse therapy either by artificial pneumothorax or pneumoperitoneum, with pre 
liminary section of the phrenic nerve for those who received pneumoperitoneum and 
adhesion section when required, After induction, the collapse was continued by 


weekly injections of air while the patients were in the hospital and fortnightly or 
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monthly at later dates until the tuberculous infection was considered to be quiescent. 
The optimal time for continuing collapse was considered to be two years. When col 
lapse was not effective because of persistent adhesions, bed rest, followed by grad 
uated exercise, was the alternative 

Patients on streptomycin therapy were treated by methods calculated to reduce 
the opportunity of their infecting organisms becoming resistant. Each patient re 


ceived repeated four-week courses of streptomycin intramuscularly, a minimum 
of 0.5 gm. twice a day while in the hospital and of 1.0 gm. once a day after leaving the 
hospital. The scheme of treatment was so adjusted that, when serial bacteriologic or 
roentgenographic examinations showed any sign of reactivation, another similar 
course of streptomycin was given, provided always that the last isolate of mycobae 
teria was found to be susceptible to 107 or less of streptomycin per ml 
Theoretically, either type of treatment might have been continued indefinitely 
so long as therapy was achieving its purpose. In fact, the uncertainty engendered 
when signs of activity reappeared in patients undergoing a previously untried treat 
ment was too great to prevent the induction of collapse within the first year in 4 pa 
tients who were receiving streptomycin when there was no evidence that their tubercle 
bacilli were resistant to the antimicrobial. It was this uncertainty which was re 
sponsible for the halting way in which treatment was often applied in the strepto 
mycin series and accounts for some of the changes in treatment for which there now 
appears little reason. Had each series been maintained on the original type of therapy 


designed for it, the comparison would undoubtedly have been a truer one 


In the final assessment five years from their first admission, only those pa 
tients were included who had received none but the preseribed type of therapy 
for two years at least. The numbers in the comparison were still further reduced 
by the inability to trace some patients who had Jeft their original homes, How 
ever, prov ided these patients were seen and examined after five years had elapsed, 
it seemed fair to include them. In those who could be traced, serial observations 

bacteriologic, symptomatologic, and roentgenographic were made throughout 
the five years. The examinations were made weekly while the patients were in 
the hospital, monthly after discharge, and every three or six months during the 
last two years when satisfactory progress seemed to have been made. 


RESULTS AFTER FIVE YEARS 


Fifteen of the original 18 patients treated without antimicrobials and 15 of the 
original 19 streptomycin-treated patients were traced until five years after their 
admission to the study. None of them were ill, but some had undergone various 
relatively major changes in the course of their disease and others still showed 
signs of active disease. As the prognosis of minimal pulmonary tuberculosis, when 
properly treated, was considered good before the advent of chemotherapy, the 
main differences between the two series occurred during the five-year period of 
study. Among the two series, various interruptions in the recovery of the pa 
tients took place. 

In table | are represented the different misadventures which befell patients in 
the two series. Although there were more than twice as many patients who re 


ceived no chemotherapy than there were in the streptomycin-treated series, it 
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TABLE 1 


INTERRUPTIONS IN THE PROGRESS OF PaTieNTs WITH MINIMAL PULMONARY TUBERCULOSIS, 
Acconpine to Tyre or Tusrary Two ro Five Years rrom First Treatment 


Number of Cases 


Streptomy 
cin-treated 
for Two 
Vears (15 


Interruption to Progress N 


io 
Chemotherapy 
(15) 


Fluid in the pleural cavity persisting for more than 1 year 0 
Relapse or spread 3 
Appearance, reappearance, or persistence of cavity 3 
Hemoptysis 
Lobectomy performed 
Thoracoplasty performed 
Positive baeteriologic examinations until treatment changed in 

fourth year 
Organisms became resistant to more than 10 y of streptomycin 

per ml. 


Total interruptions to progress 


Number of patients involved 
Extension of disease for which change of treatment was made 


should be pointed out that each value does not represent a separate patient. To 
take, for example, the most extreme instance: One patient developed a persistent 
pleural effusion followed by roentgenographic evidence of spread of disease and, 
eventually the appearance of a cavity which still later necessitated lobectomy 
followed by thoracoplasty. Nevertheless, the lists represent the types of inter- 
ruption to progress which may be met in either series and are in a similar propor- 
tion to the number of patients so affected. When described in terms of ultimate 
results, the differences at the end of the five-year survey do not appear so great. 
Briefly they may be summarized as follows: 
Treated without chemotherapy: Of 15 patients, 11 were well and active, 
8 of whom had had no chemotherapy (14 patients had received collapse 


Fig. 1. Treatment, bacteriologic findings, and progress in minimal pulmonary tubercu 
losis, treated by collapse when possible. (No chemotherapy for two years or more.) 

* Excluded owing to being lost or treatment not known for two years 

0 All cultures negative for M. tuberculosis during the period indicated 

+ One or more cultures positive for M. tuberculosis during period indicated 

@ Collapse therapy — length =~ duration of treatment 

C Cavity indicated by roentgenographic examination 

S Spread indicated by roentgenographic examination 

R_ Relapse indicated by roentgenographic examination after quiescence for two or more 
years. 

F Fluid 

Lobectomy. 

Th Thoracoplasty 

L Change of treatment to chemotherapy. 

Blank spaces indicate lack of data 
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or excisional therapy; one patient was treated by bed rest alone because 
of a pleural effusion ) 

Streptomycin-treated: Of 15 patients, 12 were well and active, 10 of 
whom had had no collapse therapy. 

Figures | and 2 are constructed so as to give some idea of the progress and 
treatment of each of the patients. Some explanation of the signs may be needed. 
To facilitate identification, the number indicating each patient is similar to that 
in the original paper of 1952 but, because of exclusions which have been put to- 
gether at the top of each figure, the order is somewhat irregular. Each bacteriologic 
sign under a given period of three to four months when depicted as “0” represents 
all of the bacteriologic tests made throughout that period. 

During the first two years of the survey, there were considerably more bac- 
teriologic examinations than the single sign indicates. In later years, no more than 
a few patients were examined more often than once in three or even six months. 
On the other hand, the sign “‘+"’ represents at least one culture positive for M. 
tuberculosis among possibly several; thus, although as many as thirteen bae- 
teriologic examinations might be made during three months, if only one test 
demonstrated M. tuberculosis, then the sign for that period would be “+” 
irrespective of all of the negative tests. All tests represent cultures. 

Treatment and its duration are indicated by a dark line immediately under 
the signs for bacteriologic examinations. The word “well” at the end of a line 
implies that the patient was in good condition, with his or her weight maintained 
at a steady level, and that serial roentgenograms indicated that the lesion was 
quiescent or healed, In 10 cases, records of roentgenograms were not obtainable. 
In every instance, however, there were repeated reports from the patients them- 
selves stating that the doctor had told them their “X-ray was satisfactory” and 
that their visits to the chest clinie could be gradually reduced to an annual 
examination. In such cases, the disease was classified as quiescent. The meaning 
of other signs or letters are more conveniently indicated in the legends opposite 
the figures, 


Pia. 2 Treatment, bacteriologic findings, and progress in minimal pulmonary tubercu 
losis. (Patients were treated with streptomycin during two years or more 

* Exeluded because streptomycin was discontinued within two years or contact with 
patients was lost 

0 All eultures negative for MW. tuberculosis during the period indicated 

+ One or more cultures positive for M. tuberculosis during the period indicated 

@ Streptomycin therapy and duration 

PAS therapy 

Ethizone” treatment 

Isoniazid 

( Cavity 

R Relapse indicated by roentgenographic examination after quiescence for two years 
or more 

s Spread indicated by roentgenographic examination 

tT Change of treatment to collapse and duration of latter 
** Resistant organisms appeared 
Blank spaces indicate lack of data 
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TABLE 2 
Cuance Arrer Five Years 
Number of Cases 


Total Cases Improved Healed No Change Deteriorated No Record 


No Strep No Strep No No Strerz No Strep- No Strep- 
Chemo to Chemo to Chemo- Chemo. to- Chemo- to- |Chemo- to- 
therapy | mycin |therapy mycin therapy | mycin |therapy mycin |therapy | mycin therapy mycin 


Source of re 
ports 
C.M.C.H.* 
By inference? 
Other clinics 


* Central Middlesex Hospital 
t Patients’ reports after attending outpatient clinic affiliated to Central Middlesex 


Hospital 
{One case excluded because roentgenogram was not susceptible of interpretation 
collapse induced in sixth month, organisms having become highly resistant to streptomycin 


According to figures | and 2, the most obvious difference between the patients 
treated without drugs and the streptomycin-treated patients was the length of 
time during which treatment was sustained. In those treated without drugs, fre- 
quent visits by attending chest physicians to the patients’ homes were necessary 
or visits by the patients to the neighboring chest clinic were required. For pa- 
tients treated with streptomycin, daily attendance of the district nurse for one 
month at a time was all that was required for treatment. 

Roentgenographic changes: Roentgenographic changes were somewhat difficult 
to assess for, although a large proportion of the results were determined by in- 
ference, in 7 of the 20 cases the evaluations were reported by different teams 
throughout the country. All of the methods of assessment, however, were made 
by independent judges, a majority of whom had no idea of which type of treat- 
ment the patients had received during the first two years of therapy. Making 
allowances for possible differences in assessment a crude comparison is possible 
between the first roentgenogram and that obtained after five years had elapsed 
since the first treatment. The results are shown in table 2. From these values it 
might be inferred that, whereas 9 of 14 patients without chemotherapy had 
progressed favorably, 12 of 14 treated with streptomycin had reached a similar 
stage. 

The problem of cavities and their roentgenographic significance was not in- 
considerable. In each series of 15 there was initial evidence of “excavation” or 
“breakdown” in 6; yet these patients were not necessarily those who showed evi- 
dence of cavitation two years or more after their treatment commenced. In none 
of the 3 patients who had had chemotherapy and who developed cavitation at a 
later stage were there signs of cavitation at the onset. In the streptomycin series, 
too, cavities disappeared after a period of time but, in one of the 2 patients who 
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PULMONARY TUBERCULOSIS 
still gave evidence of cavitation later (Patient No. 27), a cavity had reappeared 
after four years of apparent quiescence and absence of chemotherapy. In some 
patients of this series whose disease was exudative in type, numerous very small 
cavities would appear even by the end of the first course of streptomycin. These 
disappeared, however, as time progressed, leaving only “residual scarring’’ or 
“little sign of the original lesion’’ by the time five years had passed 

Bacteriologic results: As depicted, the bacteriologic results give a fair idea of 
the progress of each patient. The occasional culture positive for WM. tuberculosis, 
however, led to some doubt whether it presaged a relapse. In 2 instances in the 
streptomycin series, this was undoubtedly true (Patients No. 245 and No. 27), for 
cultures positive for M. tuberculosis preceded by some months the roentgeno- 
graphic appearance of relapse which determined the change in treatment, On 
the other hand, a patient in the streptomycin series (Patient No. 33), from whom 
M. tuberculosis was cultivated by laryngeal swab in her fourth year, continued to 
make good progress, to pass uneventfully through her second pregnancy, and to 
successfully care for her two children during the following eighteen months. 
One patient in the series without chemotherapy produced a culture positive for 
M. tuberculosis at the end of the fifth year, after having had many “negative” 
cultures during the preceding four years. Jt is not possible to say at present 
whether this should have been taken as a warning of later relapse. One assumes 
that no roentgenographic evidence of cavity was seen during the following six 
months, as she was told that her chest was ‘“‘clear” and that she might embark 
upon a pregnancy. 

Only one streptomycin-treated patient at any time discharged tubercle bacilli 
with a high resistance to streptomycin and, in this case, drug resistance and the 
presence of a cavity with a fluid level in the hilar region were evident at the end 
of the first month of treatment when the mycobacteria were not inhibited by 
5,000 y of streptomycin per ml. This patient showed no signs of the symptomatic 
benefit so obvious in the others while they were receiving streptomycin, and he 
was given collapse therapy as soon as this result was known. In 2 more cases 
(Patients No. 21 and No. 24), the organisms, after several courses of treatment, 
were only inhibited by 5 and 10 y of streptomycin per ml., respectively 

Dosage of streptomycin: The daily dose of 1.0 gm. of streptomycin was adhered 
to except in 3 instances when, in error, 3.0 gm. were administered daily to these 
patients for one month. They suffered from vertigo, although this passed off in 
time, in a year or more in one case. It is interesting to note, however, that, al- 
though all 3 had a considerable amount of sputum at the beginning of treatment 
and very well-defined disease in the upper lobes (even a cavity in one instance), 
none required more than two courses of treatment and all made steady progress 
without any cultures positive for M. tuberculosis after the first year. Each was 
pronounced as “healed”’ or showing “no roentgenographic sign of tuberculosis” 
before the fifth year was completed. 

Inspection of figure 2 might suggest that treatment was carried out in a hap- 
hazard fashion. This impression may be enhanced by the position of the bac- 
teriologic signs relative to the course of treatment, for the sign in the center of 
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each three-month period covers the whole of that time. On the other hand, treat- 
ment which only covered one month could be more accurately placed. Although 
the interval between the bacteriologic reports and the commencement of treat- 
ment was often unnecessarily delayed, treatment, in the first two years at least, 
never preceded the knowledge that the patients’ tubercle bacilli might be con- 
trolled by streptomycin. 


DISC UBBION 


In 1948, the object of studying a parallel series of patients with a similar type 
of tuberculosis was to find out how much streptomycin therapy could accomplish 
under ideal circumstances, that is, when the lesion was small and fresh and there 
was a good chance of the patient's being able to master his disease with his own 
powers of resistance. It may be objected that patients treated mainly by collapse 


therapy do not form a satisfactory means of comparison with those on a chemo- 


therapeutic regimen. It is, however, questionable whether rest in bed alone is a 
particularly satisfactory method of treatment. 

Mitchell (4), reporting on 589 patients treated with bed rest alone, found that 
this treatment failed to prevent progression to advanced disease in 27.6 per cent 
of patients over a twenty-year period. Allison (5), on the other hand, found that 
after ten to twenty years only 8 of 93 employees of Kodak Co., Rochester, New 
York, originally found by roentgenographic examination to have tuberculosis, 
produced any clinical evidence of active infection at the later date. This is a 
percentage of less than one-third of that reported by Mitchell. An even better 
prognosis was made for patients discharged from the Rutland State Sanatorium 
in Massachusetts. Chang (6), who followed 315 patients who had been in that 
hospital with minimal tuberculosis and who were discharged as having arrested 
tuberculosis, found that reactivation occurred in progressively decreasing num- 
bers each year until the fourth year. The percentage who became reactivated by 
that time was no more than 3.2 in a total of 315 cases. 

Although the present study was only continued over five years and makes no 
pretension to being conclusive, it seemed better to the writer to make this brief 
comparison in a clinic where a well-recognized therapy (not including any chemo- 
therapeutic agent) was already being practiced efficiently (7, 8), in order to 
provide as rigorous a test as possible of the efficacy of streptomycin. In the three 
years encompassed by the present survey, therefore, it is not surprising that the 
confidence felt by physicians in the established therapy actually hampered the 
comparison and made it difficult to adopt new methods and criteria in dealing 


with streptomycin treatment. 

It was also hard to refrain from making use of collapse measures when the 
progress of the streptomycin patients suffered any interruption. For instance, 
had treatment been applied as soon as the bacteriologic result was known to be 
“positive” and drug susceptible, it is possible that the breakdown later seen in 
roentgenograms might have been forestalled. This would have entailed the giv- 
ing of some courses of streptomycin which, in the light of after events, might ap- 
pear to have been unnecessary. On the other hand, it might have saved the roent- 
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genographic relapse involving further and prolonged treatment in Patient No 
27. As there was no limitation to the dose, short of serious toxic effects, it is 
possible that a higher dose of streptomycin than the 1.0 gm. given daily to 
Patient No. 25 at the beginning of his third year might also have controlled the 
tubercle bacilli before they had produced a destructive lesion. At that time the 
patient’s strain required streptomycin concentration of 10y per ml. for inhibition. 

It is difficult to comment on Patients No. 26 and No. 29 save to note that their 
tubercle bacilli were still drug susceptible when last known to have been tested 
at the end of the first and third years, respectively. Moreover, much longer than 
two years of collapse therapy was not successful in closing the cavity seen first 
at the end of the second year in one of these patients. In the other, although 
streptomycin therapy had been successful, when it was eventually discontinued 
it had been too little correlated with the bacteriologic reports to allow of a fair 
trial of its capacity to control the disease. 

It would be presumptuous of the writer to comment on the series treated in the 
main by collapse therapy. Treatment was in the hands of experienced physicians, 
and it is assumed that they were able to produce the best results obtainable. This 
very assumption, however, leads to the inference that a change over to chemo 
therapy, as occurred in 5 cases, implied a failure of current methods of collapse 
therapy to arrest progression of the disease and was thus fully justified. Were the 
above assumptions to hold for both series, one might say that therapy by col 
lapse, when possible, was only successful in 8 of 15 cases; whereas treatment with 
streptomycin, aided on occasion with other drugs for short periods, could have 
been successful in 14 of 15 cases, 

The care required to administer treatment in the streptomycin series is now 
rendered unnecessary by the introduction of other drugs which, together with 
streptomycin, make prolonged administration not only practicable but a sine 
qua non of therapy for tuberculosis. When the lesion is relatively acute and of 
small dimensions, however, this study demonstrates what little therapy, used ad 
visedly, may be necessary to enable the patient to overcome his infection, 

One cannot emphasize too strongly that the kind of treatment used experi 
mentally in this series is not one which could be recommended for other types of 
tuberculosis. Undoubtedly reliance was placed on the patients’ own powers of 
combating their tuberculosis which one might assume to have been considerable 
since they had prevented the rapid development of their lesions into a more 
florid form. 

As a comparative record of what advances streptomycin might be relied on to 
accomplish over routine therapy practiced before its advent, the trial may quite 
readily be criticized as a failure. From this point of view the reply might be made 
that every report of results from a fresh type of therapy is compared by the as 
sessor With his previous experiences of the outcome in certain conditions. Com 
parison made contemporaneously with treatment in common usage before the 
introduction of the new therapy is undoubtedly preferable to that from impres 
sions gained by clinicians from an earlier period, Until it is possible for those 
testing the new therapy to adopt new standards of progress and new indications 
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for instituting therapy——-in this case bacteriologic ones—it is not possible to 
achieve any result which will throw full light on the possibilities of the new treat- 
ment. It has been the writer’s experience that no patient has suffered from a 
well-thought-out method of treatment consistently carried out, at least until 
there are good grounds for believing it has failed. In only one of at least 5 of 
the total streptomycin-treated cases had this stage been reached before other 
treatment was given in place of streptomycin. Thus, an attempt to assess by 
these records the relative merits of the old and newer therapies was invalidated. 
Although the comparison was a severe test and, when doubt occurred, weighted 
against streptomycin, it is still possible to state that the results were in favor of 


the latter. 


SUMMARY 


The course of two contemporaneous series, each of 15 patients with minimal 
pulmonary tuberculosis, is traced during the third to fifth years from the first 


treatment 

One series of patients had received collapse therapy when possible or, if im- 
practicable, rest and graduated exercise. The other series had received streptomy- 
cin in monthly courses, the beginning of each fresh course being dependent on the 
finding of a streptomycin-susceptible strain of tubercle bacilli in a laryngeal swab 
or sputum culture. There was no time limit to the period during which the 
separate courses were given; they were continued according to the positive bac- 
teriologic reports. Some patients received only two courses within the first six 
months; others continued to receive courses of treatment until the fourth year. 

Comparison of the results after five years of the two types of therapy when 
pursued for at least the first two years showed that the various interruptions to 
progress in the series treated without antimicrobials amounted to seventeen in 8 
patients; whereas, in the streptomycin series, there were eight such interruptions 
in 3 patients. 

In terms of ultimate results after five years: 

Of 15 patients who received no chemotherapy during the first two years, 
11 were well and active, 8° of whom had not had their type of treatment 
changed to chemotherapy. 

Of 15 who received streptomycin, 12 were well and active at the end 
of five years, 10° of whom had had no change of treatment to collapse 
therapy (one resistant case changed to collapse in sixth month). 

The type of streptomycin therapy outlined in this article is not one recom- 
mended for routine use at the present time, now that other chemotherapuetic 
agents are available. The results, however, are considered useful as a basis for 
comparison with other kinds of chemotherapy during which patients are followed 


for a five-year period. 


* Since the preparation of this report, all of these patients who have now been followed 
for six and one-half to eight years still remain well. 
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SUMARIO 


Un Quinquenio de Observacién de la Tuberculosts Pulmonar Minima Con y Sin 
Quimioterapia 


Repdsase aqui la evolucién de dos series contempordneas, de 15 enfermos de tuberculosis 
pulmonar minima cada una, durante el tercer al quinto afio consecutivos al primer trata- 
miento 

Una serie de enfermos habia recibido la colapsoterapia cuando era posible o, si no re 
sultaba factible, el descanso y ejercicio graduado 

La otra serie habia recibido estreptomicina en tandas mensuales, basdndose el comienzo 
de cada tanda nueva en el hallazgo de una cepa estreptomicinosusceptible en un frote 
laringeo o cultivo de esputo. No se fijé limite cronolégico al periodo durante el cual se 
administraron las distintas tandas; su continuacién se conformdé a los informes bacterio 
légicos positivos. Algunos enfermos no recibieron mdés que dos tandas durante los primeros 
seis meses; otros continuaron recibiendo series de tratamiento hasta el cuarto afio. 

Una comparacién de los resultados al cabo de cinco afios de las dos formas de terapéu- 
tica cuando se aplicaron a lo menos los primeros dos afios revelé que las varias interrup 
ciones de la mejoria en la serie tratada sin productos antimicrobianos llegaban a diecisiete 
en 8 enfermos, mientras que, en la serie tratada con estreptomicina, hubo ocho de esas 
interrupciones en 3 enfermos 

En términos de resultado finales al cabo de cinco afios 

De 15 enfermos que no recibieron quimioterapia durante los primeros dos afios, 11 
se hallaban bien y en actividad, 8 de ellos sin habérseles cambiado su régimen tera- 
péutico a la quimioterapia 

De 15 que recibieron quimioterapia, 12 se hallaban bien y en actividad al cabo de 

cinco afios, 10 de ellos sin habérseles cambiado el tratamiento a la colapsoterapia 

La forma de estreptomicinoterapia indicada en este trabajo no se recomienda para 
empleo sistemdtico en la actualidad, ya que se cuenta con otros agentes quimioterapéu- 
ticos. No obstante, se consideran los resultados dtiles como base de comparacién con otras 
clases de quimioterapia en las que se mantiene a los tuberculosos en observacién durante 
un periodo de cinco afios 


RESUME 


Cing années de surveillance de cas de tuberculose a minima soumis ou non 4 la 


chimiothéra pie 


L'évolution de deux séries contemporaines composées chacune de 15 malades, atteints 
de tuberculose pulmonaire a minima, est enregistrée de la troisiéme A la cinquiéme année 
A partir du traitement initial 

Une série de malades était soumise A la collapsothérapie quand cela était possible, ou 
au traitement par le repos et l’exercice gradué quand elle n'était pas practicable 

La deuxiéme série avait regu la streptomycine par cures d’un mois, le début de chaque 
nouvelle cure dépendait de la présence de souches de bacilles tuberculeux streptomycino 
sensibles dans les prélévements laryngés ou dans les cultures de |'expectoration. Aucune 
limite de temps n’était fixée pour la période durant laquelle les séries de cures séparées 
étaient pratiquées: elles étaient poursuivies en accord avec les rapports bactériologiques 
positifs. Quelques malades ne regurent que deux séries au cours des premiers six mois; 
d'autres, ont regu les séries de cures jusqu’A la quatriéme année 

La comparaison des résultats au bout de cing années de l’application de ces deux mo 
dalités de traitement, poursuivies pendant les deux premiéres années au minimum, montrait 
que les divers arréts de la progression de la maladie dans le groupe traité sans agents anti 
bactériens s’élevaient A dix-sept chez 8 malades; dans le groupe traité par la streptomycine 


il y a eu six arréts analogues chez 3 malades. 
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Ion termes de résultats ultimes au bout de cing ans 
Sur 15 malades non soumis A la chimiothérapie pendant les deux premiéres années, 
11 étaient bien portants et vaquaient A leurs occupations, chez 8 d’entre eux le type 
de traitement était resté le méme sans recours A la chimiothérapie 
Sur 15 traités par la streptomycine, 12 étaient bien portants et vaquaient A leurs 
oceupations A la fin de ces cing années, parmi ceux-ci 10 étaient restés soumis au méme 
traitement sans collapsothérapie 
Le mode de streptomycinothérapie décrit dans cet article n'est pas celui actuellement 
préconisé de fagon routiniére, car on dispose maintenant d'autres agents chimiothéra 
peutiques. Ces résultats sont néanmoins utiles comme base de comparaison avee d'autres 


formes de chimiothérapie au cours desquelles les malades sont suivis pendant une période 
de cing années 


Acknowledgments 


I am particularly indebted to Dr. R. L. Vollum and his staff in the Oxtord Public Health 
Laboratory Service (Medical Research Council) for continuing to carry out the many bac 
teriologic examinations involved in the three-year study; also to Dr. F. Pygott at the Cen 
tral Middlesex Hospital for reporting on all of the five-year roentgenograms available to 
him; to the many chest physicians in the British Isles who reported progress and roentgeno 
grams of the patients who eventually attended their clinics; to the Commissioner of Police, 
New Scotland Yard, who made the facilities of his organization available for finding those 
patients who could not otherwise be traced; and to Drs. F. Ridehalgh and A. G. Sanders 
for their helpful eriticiam of the text 

A tribute should be paid to the patients themselves who supplied so much willing coopera 
tion in reporting their progress and in freely providing any information needed for this study 

Mrs. B. Halsey and Mrs. M. H. Roberts gave invaluable assistance in arranging appoint 


ments and preparing the typescript 


REFERENCES 


1952, 65, 5A7 


National 


(1) Fuorey, E.: Streptomycin in minimal tuberculosis, Am. Rev Tuberc., 

(2) Diagnostic Standards and Classification of Tuberculosis (1940 and 1950 
Tuberculosis Association, New York, New York. 

(3) Daniecs, M., Ripenavon, F., Serincerr, V H., ann Haut, I. M.: Tuberculosis in 
Young Adults: Report on the, Prophit Tuberculosis Survey, 1955-1944, H. kK 
Lewis and Co., Ltd., London, 1948, p. 163 

(4) Mrrewene, R. 8.: Late results of modified bed rest in active uncomplicated minimal 
pulmonary tuberculosis, Am. Rev. Tubere., 1953, 67, 40! 

5) Ansison, C. R.: Prognosis in pulmonary tuberculosis: Ten-year follow-up study, 
Oceup. Med., 1948, 6, 379 

(6) Cuana, R Prognostic significance of occasionally 

tuberculosis: Follow-up study of discharged patients, Am 


positive sputum after ade 
quate treatment of 


Rev. Tubere., 1948, 58, 308 
7) Toussaint, C. H. C.. The domiciliary management of pulmonary tuberculosis, Tr M 


Soc., London, 1950, 67, 36 
Treatment without sanatorium: Including results at five years, 


1955, 36, 150 


(8) Srrapune, P 
Tuberele, 


\ 


THE PLEURAL TENT AS A SIMULTANEOUS TAILORING PROCEDURE 
IN COMBINATION WITH PULMONARY RESECTION'* 


LAURENCE MISCALL, ROBERT W. DUFFY, RICHARD B. NOLAN, 
ROBERT KLOPSTOCK 


Received for publication May 24, 1955 


INTRODUCTION 


The use of a pleural tent by the present writers is a product of their experience 
with resectional surgery in the treatment of pulmonary tuberculosis. Before 
suitable antimicrobial agents were available, the risks of resectional surgery had 
been well demonstrated by Maier and Klopstock (la) ina small group of cases at 
Triboro Hospital. The subsequent ability to control the progress of tubercle 
bacilli by chemotherapy was soon followed by a progressive shift from collapse 
to resectional methods (1b), 

During the early stages of this change in therapeutic practice, many patients 
came to surgery after relatively abbreviated drug therapy and it was not unusual 
to employ preliminary thoracoplasty in these patients to reduce sputum output 
and the risk of operation. In others, previous therapeutic pneumothorax and 
supplemental drug therapy had produced good results, e.g., a noninfectious 
status, but an unexpandable pneumothorax still complicated the definitive treat- 
ment of the parenchymal disease. Because of the fear of the unclosed pleural 
space and the possibly adverse effects of overdistention, many of these patients 
also had pre-resectional thoracoplasty. 

The disadvantages in this program, including additional anesthesia and opera 
tive procedure, undue deformity, increased morbidity, prolonged hospitaliza 
tion, et cetera, soon became evident (2, 3). During many of these early resee 
tions (mainly lobectomies), it was noted that the thickened parietal pleura could 
be mobilized easily from the thoracic wall and mediastinum and tented over the 
residual pulmonary tissue by suturing it along the lower margin of the incision 
The present writers became impressed with the ease of this maneuver and its 
effectiveness in overcoming some of the difficulties, and they have used it since 
1948 in a variety of situations. 

A review indicates that tailoring of the thorax by thoracoplasty sprung from a 
variety of thoughts. It has been alleged that overdistention of residual pulmo 
nary tissue after resection often should be controlled. It was postulated that 
such overdistention might be associated with an unduly high exacerbation rate, 
particularly in lesions in those segments which overexpanded to the apex of a 
previously normal thoracic cage. This concept still is at least debatable. Another 
important consideration has been the deleterious effects of overdistention on 
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cardiopulmonary function so clearly shown by Cournand and his group (4, 5, 6). 
In patients with emphysema this must be accepted as a valid indication for some 
tailoring procedure. In addition, long experience has taught that the pleural 
space not filled by its pulmonary content constitutes a hazard in the form of 


empyema with or without demonstrable bronchopleural fistula. 

Over the years many methods have been proposed to circumvent these diffi- 
culties. Thoracoplasty has maintained a popularity consistent with its priority 
and effectiveness. Since Tuffier (7) in 1891 drew attention to the elective control 
of thoracic volume by extrapleural plombage using lipoid tissue, many other 
substitutes have been suggested. Included among other substitutes are gauze 
packs, rubber sheeting and balloons, muscle flaps, paraffin, air, oil, and a long 
list of various plastics and metals. Brewer (8) recently has described the con- 
struction of a pleural partition. All of these procedures have been modified and 
variously applied with due consideration of the particular problem associated 
with each type of resection (7, 9-13). Regardless of their use either before, at, or 
after the resection, certain deficiencies have become apparent to all. Such failures 
in the writers’ experience prompted renewed search for an improved method. 
The pleural tent, which the present writers have used in more than 100 cases 
during the last seven years, seems to offer very real advantages under certain 
circumstances. 


METHOD 


The pleural tent method is simple. A posterolateral approach through the bed of the 
fitth rib generally has been employed. After resection, the residual lung is completely 
expanded by only moderate pressure on the anesthesia bag. In the early cases, this was 
done following lobectomy but, more recently, the writers have restricted the use of the 
procedure to resections involving only single or multiple segments. Starting along the 
upper border of the incision, the parietal pleura is mobilized easily from the upper thoracic 
wall, apex, and mediastinum. The latter dissection is carried down far enough to permit 
folding and suture over the bronchial stump with sufficient pleura to cover completely the 
re-expanded residual lung 

This dissection has been quite simple with the thickened pleura which is found after 
therapeutic pneumothorax; but with thin pleura, extreme care, particularly over the 
mediastinum, has been necessary to avoid tearing and large defects. Some defects have 
not been uncommon and have been closed better by circumferential ligature than by suture. 
With minor defects in the pleura, the re-expanding lung soon has adhered to it, thus sepa 
rating the extrapleural and intrapleural spaces. The edge of the mobilized pleura is ap 
proximated to the lower border of the incision with fine interrupted silk sutures. Due to 
the contractility of the mobilized pleura, it has not been necessary usually to excise any 
of it to obtain a snug fit over the lung. Before closure of the reconstructed pleural space, 
it has been drained by at least two tubes. The chest wall then has been closed in layers 
with a catheter in the extrapleural space above the mobilized pleura. Antimicrobial drugs 
have been placed in both the intrapleural and extrapleural locations. When the wound 
has been completely closed, the lung has been expanded by rather firm pressure on the 
bag, the extrapleural tube removed, and the two intrapleural tubes connected as soon as 
possible to minus 10 to 15 em. of under-water suction drainage. Roentgenographie examina- 
tions of the chest in the erect position immediately after operation have shown the mobilized 
pleura closely adherent to the re-expanded lung with a surgically created extrapleural 
pneumothorax above it into which serosanguineous effusion soon occurs. If this has been 
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excessive, aspiration of air or fluid, or both, by preventing undue mediastinal shift and 
lung compression has preserved pulmonary function. Foreign material has not been in 
serted in the extrapleural space since fluid and air have been quite effective in maintain 
ing it 


Advantages of Pleural Tent Procedure 


The experience of the present writers indicates that the pleural tent procedure 
merits consideration in selected cases because of certain advantages. It can be 
used concomitantly with resection without the additional shock or other subse- 
quent difficulties often encountered with thoracoplasty, particularly in the pa- 
tient with limited circulatory or pulmonary reserve. Accurate fitting of the 
pleura to the re-expanded lung permits early and effective closure of the pleural 
space, even over the segmental surfaces where the pleura is sucked down onto 
them by the intrapleural negative pressure. The expansion and function of the 
residual pulmonary tissue can be controlled readily by either the injection or 
aspiration of fluid, air, or both. The thoracic cage is not embarrassed except for 
primary incision. Scoliosis, common with even minor stages of thoracoplasty, 
does not occur. The common small mediastinal shift adjacent to the extrapleural 
space has not interfered significantly with pulmonary function. The prompt seal- 
ing over of pulmonary surfaces and bronchial stumps by the pleura has assisted 
in reducing the incidence of empyema and bronchopleural fistula. This has been 
particularly effective after decortication combined with excisional therapy. In 
some major resections after the pleural tent has regulated re-expansion as desired, 
it has been supplemented by subsequent thoracoplasty, especially if resorption 
in the extrapleural space appears to allow overexpansion. Infection in the extra- 
pleural space has been rare but adequately managed by drainage and thoraco- 
plasty. This situation seems to carry less hazard than that of the postoperative 
intrapleural empyema fluid bathing unsealed pulmonary or bronchial areas with 
variously compressed lung segments. Delayed thoracoplasty over the tent has 
been employed whenever disease at the contralateral apex with significant medi 
astinal shift made it desirable. 


OBSERVATIONS 


The behavior of 100 pleural tents in 99 patients followed for one to seven years 
after excisional surgery of the lung forms the basis of this report. Certain patterns 
have been observed repeatedly. 

Small resections: In those patients with resection of one or two shrunken seg 
ments of an upper lobe and with concomitant distention before surgery of other 
segments of the lung, a pleural tent has been created easily. It has adhered very 
closely to the residual pulmonary tissue, and a relatively small extrapleural space 
into which effusion occurs has been observed. After operation some rise in the 
diaphragm on this side has combined with the tent to effectively control the 
degree of re-expansion of residual pulmonary tissue. With time such minimal 
tents have often been completely obliterated by absorption of the contents of the 
space, and the lung has gradually re-expanded to its normal pleural volume. 
Such re-expansion of the lung into its final volume, which occurs gradually over 
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two to three months and involves all segments, may prevent regional overdis- 
tention. Such a course has not been demonstrated to affect adversely the future 
course of parenchymal disease. 

Extensive resections: In patients with more extensive resection, the diaphragm 
has risen and the pleural tent space has been significantly larger than in the 
previous group. With time, partial resorption and organization of the contents 
of the tent space have produced a cap which rises about one interspace above the 
maximum amount of collapse visible shortly after operation. This has perma- 
nently decreased the final lung volume. This contrasts with the use of thoraco- 


plasty following resection when the residual lung has expanded into a normal 


postoperative pleural space. The application of thoracoplasty at this time does 
not prevent the general overdistention of the residual pulmonary tissue but 
simply collapses that portion of the lung which has expanded into the apica! part 
of the pleural space. This organization in the apical space has not significantly 
affected the function of the chest wall or diaphragm 

Use in bullous emphysema: In patients with bullous emphysema submitted to 
lobectomy, large pleural tents have created large extrapleural spaces. The effu- 
sion into this space has usually been extensive and in some cases has required 
aspiration to maintain pulmonary function. None of these tents has completely 
disappeared. Thus, one may postulate that the residual, partially emphysema- 
tous lung has a distinctly limited postoperative distensibility which is balanced 
by minimal shrinking of the tent and a rise in the diaphragm. A five-year follow- 


TABLE 1 
Tents 


Nontuberculous 
Resected Lung Unit Puberculosis Disease 


and R.M.L 
Segment of RLU.L 
Segment of L.U.L 
Segment and | lobe 
Segment and 2 lobes 


R.U.L.—L.U.L 


Total patients, 09; pleural tents, 100 
* Nontuberculous disease 

Cystic disease 

Abscess 

Bronchiectasis 

Carcinoma 

Boeck's sarcoid 


= 
R.ULL 13 
19 5 
0 
6 
0 
0 
7 0 
3 0 
0 
79 20" 
1! 
9 
3 
3 
20 
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TABLE 2 


SEVEN IN Ninery-Nine Patients 


Complications (Total—7 


Tuberculosis Nontuberculous Disease 
Infection ‘ Infection 2 
Bronchopleural fistula 3 Bronchopleural fistula l 
Segmental leak 2 


Secondary Operations 


A. Tuberculosis 
Pleural drainage completion; pneumonectomy -thora 


coplasty death 
Imbrication of tent over segmental leaks bronchopleural fistula closed 
Drainage-thoracoplasty bronchopleural fistula closed 
Drainage-thoracoplasty bronchopleural fistula open 
Spontaneous closure segmental leak bronchopleural fistula closed 
B. Nontuberculous disease 
Eextrapleural drainage thoracoplasty well 
Intrapleural drainage thoracoplasty bronchopleural fistula open 


Reactivation of Tuberculosis—} 


Thoracoplasty 
Pneumonectomy and thoracoplasty 
No surgery 


up observation in some cases indicates that, even with such bilateral surgery and 
despite advanced age and minimal reserve, this pattern has been rather uniformly 
maintained, 

The details of the various operative procedures to which 79 tuberculous and 
20 nontuberculous patients were submitted with the addition of a pleural tent 


are contained in table | 


('om plications 


The complications which are detailed in table 2 total seven in 99 patients 
Five of these oceurred in tuberculous and two in nontuberculous patients. In the 
tuberculous group, infection occurred either intrapleurally or extrapleurally, or 
both, in 4 patients. Three had frank bronchopleural fistulas and 2 had leaking 
segmental surfaces. In one of the latter patients, the segmental surface did not 
become seriously infected and the process cleared without further surgery. In the 
nontuberculous group one simple extrapleural infection followed a lobectomy for 
bronchiectasis, and this yielded promptly to drainage and thoracoplasty. One 
other patient who had had an extrapleural space infection with a bronchopleural 
fistula, which was treated by drainage and thoracoplasty, had a satisfactory clin 
ical result although a small fistula still remained open. In the secondary opera 
tions for the complications listed in table 2, it should be noted that there was one 
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death after completion of pneumonectomy and that two of the bronchopleural 
fistulas persisted after a secondary operation. 

In addition to the complications which required treatment for either infection 
in the space or a bronchopleural fistula, or both, reactivation of tuberculosis oc- 
curred in 4 patients (table 2). In 2 patients, the disease was treated by thoraco- 
plasty; in one by completion pneumonectomy and thoracoplasty, and one pa- 
tient has not yet received the subsequent surgical therapy. In 3 of the 4 patients 
it was noted that the tent had rapidly disappeared after lobectomy. This sug- 
gested the possible advisability of the early application of thoracoplasty in such 


eircumetances 


Illustrative Cases 


Significant points cited in the paper concerning the use and behavior of pleural 
tents are illustrated by Plates I through VI. Some of the complications are shown 
in Plates VIT through X. (All of the plates are included at the end of the paper). 


SUMMARY 


When it appears advisable to reduce the volume into which residual pulmonary 
tissue may expand, the pleural tent offers an effective method if pleura is avail- 
able to create the tent. The ease and safety of its application, in addition to other 
awlvantages described, render it particularly adaptable for concomitant use with 
resectional methods 

The majority of tents will maintain permanently some degree of reduction in 
thoracic volume. Rapid loss of the tent may contribute to reactivation, but 
gradual re-expansion has not been proved to have adverse effects. 

If it appears that subsequent thoracoplasty is advisable, it can be applied 
without difficulty at any time in the postoperative course. 

Infection in the extrapleural space has not been a serious problem. The risk of 


intrapleural infection with or without fistula seems to be reduced and more 
readily handled than with a wide-open pleural space. 


SUMARIO 
La Tienda Pleural como Procedimiento Simultaneo de Remiendo en Combinacién con 


la Reseccién Pulmonar 


Cuando parece conveniente reducir el volumen al que se puede expandir el tejido pul- 
monar, la tienda pleural ofreee un método eficaz si hay pleura disponible para crearla 
Ademds de otras ventajas mencionadas en el texto del trabajo actual, la facilidad y la ino- 
cuidad del procedimiento hacen que sea en particular adaptable para empleo concomitante 
con las técnicas de reseccién 

La mayoria de las tiendas mantendré permanentemente alguna reduccién del volumen 
tordcico. La pérdida répida de la tienda puede contribuir a la reactivacién, pero no se ha 
observado que la reexpansién gradual ejerza efecto adverso. 

Si parece mds tarde que una toracoplastia es conveniente, puede aplicarse sin dificultad 
en cualquier momento de la evolucién postoperatoria 

La infeecién del espacio extrapleural no ha constituido un problema grave. El riesgo de 
la infeecién intrapleural con o son fistula parece disminuir y ser atendido mds facilmente 


que con el espacio pleural abierto de par en par. 
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RESt MI 
La tente ple urale comme procédé plastique en association avec la résection pulmonaire 


Quand il parait recommandé de réduire le volume de espace dans lequel le parenchyme 
pulmonaire peut se dilater, la tente pleurale représente une méthode favorable quand les 
conditions pleurales s'y prétent. La facilité et l’innocuité de son application, en dehors 
d'autres avantages mentionnés dans cet article, rend ce procédé particuliérement adaptable 
comme adjuvant aux autres méthodes d’exérise. Les tentes permettent, pour la plupart, 
un certain degré de réduetion du volume pulmonaire. La disparition rapide de la tente peut 
contribuer A la réactivation, mais la nocivité d'une ré-expansion graduelle n'a pas été de 
montrée 

s'il apparaissait qu'une thoracoplastie ulténeure soit recommandée, celle-ci peut étre 
effectuée sans difficultés A n’importe quel moment de la période post -opératoire 

L’infection de espace extrapleural n’a pas constitué un probléme sérieux. Le risque 
d’infection intrapleurale, avec ou sans fistulisation, semble minime, et le traitement est 
plus facile lorsqu’il s’agit d’un espace pleural largement ouvert 
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PLATE I 
> E. EB. This series of figures illustrates the typical behavior of a pleural tent combined 
with left upper lobectomy for tuberculosis on August 25, 1950 Note the restriction of 
expansion of the left lower lobe by the tent at the level of the fourth rib without significant 
displacement of the trachea approximately eighteen months alter operation. Further 
follow-up in February, 1955 reveals no change 
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PLATE 


J. M. These figures illustrate the behavior of a pleural tent in combination with right 
upper lobectomy for bullous emphysema with tension pneumothorax on October 10, 1950 
Note the restricted but concentric expansion of the right middle and the right lower lobes 
in the lateral figure of October 23. 1950. and the holding of the tent at the fourth interspace 
on October 16, 1951, one year after operation. This patient is well more than four years 


after operation 
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PLATE V 


E. E. These figures taken three days apart illustrate the ease of controlling expansion 


by the aspiration of the contents of the extrapleural space 
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PLATE VI 


A. D. This 22-vear-old Negro female was accepted for planned bilateral surgery for 


cavitation at both apices with the left side not satistactorily responsive to pneumothorax 
and chemotherapy. A lett upper lobectomy on May 17, 1950, was followed in two years by 
gradual disappearance of the tent with the left lower lobe filling the left thorax. Note 
the midline position of the trachea and the complete closure of the right apical cavity 
The patient is well with a sputum negative for tubercle bacilli five years after operation 
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VW. 0. Complication in a tuberculous case. This 20-year-old white male had a decorticn 


PLATE VII 


tion, night upper lobectomy, resection of the superior segment of the right lower lobe, and 
a pleural tent for tuberculosis. Persistent fever and other signs suggested an infected 
extrapleural space At re operation, a clean extrapleur il space Was entered, the tent unbri 
cated over several smal! segmental air leaks. the space drained, anda four-rib thorns oplasty 


was completed. Reeovery is complete four years after operation 
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PLATE VII 
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PLATE IX 
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BRONCHOGENIC CARCINOMA AND PULMONARY TUBERCULOSIS! 
Problems in Diagnosis with Special Reference to Antituberculous Chemotherapy 


HERMAN WEISSMAN 


(Received for publication August 25, 1955) 


INTRODUCTION 


Primary bronchogenic carcinoma is at present one of the most frequently en- 
countered forms of neoplasm. It is predominantly a disease of men, 00 per cent 
of all cases occurring after the age of forty. In 1931-1933 the mortality rate from 
pulmonary carcinoma was 4.68 per 100,000 of population, while in 1951-1953 it 
had increased 505 per cent to 28.30 per 100,000 of population (1). Pulmonary 
tuberculosis is also rapidly becoming a disease of men and particularly of older 
men; by comparison with bronchogenic carcinoma, the mortality rate from 
pulmonary tuberculosis of 188 per 100,000 of population fifty years ago has 
decreased to less than one-tenth of that number to date. The median age of death 
from pulmonary tuberculosis increased from 33.3 years in 1929 to 49.7 in 1950 
(2). 

The gradual increase in longevity of tuberculous patients, while due to many 
factors, has been particularly influenced in the last few years by the widespread 
use of chemotherapy. These findings are reflected in the data from the Castle 
Point Veterans Administration Hospital where there were 93 deaths from pul- 
monary tuberculosis in 1946 and only 20 deaths in 1954, while the hospital pa- 
tient population remained constant. Thus, considering the advancing age and 
longevity of patients with pulmonary tuberculosis, a greater incidence of bron- 
chogenic carcinoma can be expected in this group. Indeed, reports of such co- 
existence are appearing with increasing frequency (3-7); the diagnosis, however, 
is still made most often at autopsy or, at best, shortly before death 

Frequently, the delay in diagnosis of the pulmonary malignancy is caused by 
the administration of an antimicrobial drug which clears up an associated pul- 
monary infection. The temporary improvement which results only leads to a 
disregard by the physician of the underlying tumor. Such a situation is recognized 


by many writers, and the present writer wishes to emphasize that this effect of 


antimicrobial therapy holds true in the cases of coexisting pulmonary tubercu- 
losis and bronchogenic carcinoma. The permanent reversal of infectiousness of 
the tuberculosis, the temporary subjective and objective improvement, including 
the roentgenographic findings, singly or in combination, have caused great delay 
in diagnosis and failure to treat the true underlying condition. 

A review has been made of 25 patients with bronchogenic carcinoma hospital- 
ized at the Veterans Administration Hospital, Castle Point, New York, between 
1946 and 1954, inclusive. The cases are divided into five groups. Group I con- 
sists of patients whose bronchogenic carcinoma was combined with active pul- 
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monary tuberculosis which was treated with antimicrobials. Group 1] consists 
of similar patients whose pulmonary tuberculosis was treated with bed rest alone. 
Group [11 consists of patients in whom the pulmonary malignancy was com- 
bined with inactive pulmonary tuberculosis. Group /V comprises patients with 
a pulmonary malignancy which simulated active pulmonary tuberculosis and 
was treated as such. Finally, Group V comprises patients whose pulmonary 
malignancy was not combined with any other pulmonary disease. Two cases of 
bronchogenic carcinoma combined with pneumoconiosis fall outside the scope 
of this paper and will be reported separately. 

It is the purpose of this presentation to point out those clinical observations 
which it is believed may be helpful in arriving at an early diagnosis. 


OBSERVATIONS 


Group I consists of 8 patients with an average age of 59.2 years whose spu- 
tum? was positive for tubercle bacilli. Their pulmonary tuberculosis was diag- 
nosed on an average of 16.4 years prior to death. With continued chemotherapy, 
consisting of various regimens of streptomycin, isoniazid, and para-aminosali- 
eylic acid (PAS), a permanent reversal of infectiousness occurred in 6 patients 
after an average of 4.0 months. There was marked temporary clinical improve 
ment in 6 patients (not necessarily the same ones), with good clearing of the 
tuberculosis component on the roentgenograms of 7 patients, and equivocal 
clearing in the eighth patient 

As the tuberculosis component cleared in the parenchyma of one or both 
lungs, a new or a residual lesion slowly increased eccentrically in one of the lungs; 
or a hilar enlargement remained either unaffected by therapy or only slightly in- 
creased, During or after the unsustained improvement, various respiratory 
symptoms increased in severity to a degree not explained by a comparable 
tuberculous lesion and out of proportion to the shadows seen roentgenographi- 
cally. 

The diagnosis of bronchogenic carcinoma was made by bronchoscopy and 
biopsy in one patient and by supraclavicular lymph node biopsy in another, 
thirty and fifty days, respectively, before death. In 2 other cases the malignancy 
was suspected but not confirmed by bronchoscopy and cytologic examinations 
of sputum and bronchial aspirates performed five and one-half months and one 
month respectively, before death. In the remaining 4 cases the diagnosis was 
made at autopsy. Autopsy, performed in all 8 cases, revealed 2 bronchogenic 
carcinomas of the squamous cell type, 3 anaplastic carcinomas, and 3 adenocar- 
cinomas. In figures | and 2 are illustrated representative cases of this group. 

Group 11 consists of 3 patients with an average age of 63.2 years who were ill 
with pulmonary tuberculosis for an average of 14.5 years and whose sputum was 
always positive for tubercle bacilli. These patients were maintained on bed-rest 
therapy. In 2 of these cases the tuberculosis component was in the process of 
clearing roentgenographically when there was noted in one case a dense lesion 
increasing in size in the parenchyma, and in the other case a slowly progressing 


? All sputum examinations for tubercle bacilli included appropriate cultures 
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Group I 


Fie. 2A and B.H. J. M., a 66-year-old white male with active pulmonary tuberculosis 
since March, 1953, was admitted to the hospital on September 21, 1953, with respiratory 
symptoms and complaints of pain in the right shoulder. His chest film (2A) showed a dense 
shadow in the right upper lung and patchy infiltration bilaterally. His sputum was positive 
for tubercle bacilli. A right pulmonary malignancy was suspected, but was not confirmed 
by bronchoscopy and examination of bronchial aspirates and sputum specimens for malig 
nant cells. Antituberculous chemotherapy was therefore started on November 10, 1953, 
with reversal of infectiousness within two months. The clinical condition, however, was 
not improved. The tuberculous component cleared considerably, as seen on the chest film 
(2B) obtained on March 5, 1954, but the shadow in the right upper lobe had increased in 
size and density. The patient died on March 7, 1954. The autopsy revealed an adenocarci 
noma with epidermoid features of the right upper lobe and active bilateral pulmonary 


tuberculosis 


hilar lesion. Concurrently, various respiratory symptoms increased to such a 
degree as to be inconsistent with the presenting roentgenographic findings. 
Bronchogenic carcinoma was suspected in one case three years before death 
and in the other case four months before death. Both patients refused to permit 
active investigation, but the cytologic investigations of the sputum were nega- 
tive in one patient and equivocal in the other. The diagnosis of a pulmonary 
malignancy in the third patient was a most difficult one, for it was suspected 
three years prior to his death but was not confirmed by two bronchoscopies and 
examinations of bronchial aspirates and sputum for malignant cells. Only two 
autopsies were performed in this group, revealing a bronchogenic carcinoma of 
the squamous cell type in one and an adenocarcinoma in the other, with active 
pulmonary tuberculosis in both cases. In figure 3 a representative case of this 


group is illustrated. 
Group 111 consists of 3 patients with an average age of 57.6 years and inactive 
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pulmonary tuberculosis of an average duration of 25 years. The sputum of all 3 
patients was negative for tubercle bacilli prior to and during their last hospital- 
ization. Active pulmonary tuberculosis was diagnosed for the following reasons: 
a history of this disease, various respiratory symptoms with initially small le- 
sions roentgenographically in the lung parenchyma in one, an enlarged hilum in 
another, and an atelectatic right lung with pleural effusion in the third. The 
gradual increase in the severity of symptoms and the deterioration of the general 
condition could not be explained by the roentgenographic findings had they been 
of a tuberculous nature. Bronchogenic carcinoma was suspected in one patient, 
but could not be actively searched for. At autopsy, a bronchogenic carcinoma of 
the squamous cell type of the left upper lobe was found, while inactive pulmo- 
nary tuberculosis was present in the right lung only. In the second patient, the 
cytologic examination of the bronchial aspirate revealed an anaplastic carcinoma 
(0 days prior to death, while a lung biopsy in the third patient showed an adeno- 
carcinoma 8 days prior to death. There was no autopsy in these 2 cases. Figure 4 
is illustrative of a representative case of this group 

Group 1V consists of 4 patients whose average age was 56.4 years. A diagnosis 
of active pulmonary tuberculosis was made erroneously on the basis of various 
respiratory symptoms and roentgenographic findings. Among the latter were an 
enlarged right hilum and fibrotic infiltrate in the right upper lobe in one pa- 
tient; a productive infiltrate in the apex of the right lung and haziness in the 
midlung area on the left in another; pneumonitis in the right base and produc- 
tive infiltrate in the apices of both lungs in a third; and coalescent “highlights” 
in the whole upper half of the right upper lung in a fourth patient. The sputum 
of all 4 patients was persistently negative for tubercle bacillt except for one 
single smear 

All patients of this group were treated for active pulmonary tuberculosis for 
an average of 21 months. Two patients received specific chemotherapy, with 
roentgenographic and clinical improvement. Bronchogenic carcinoma was sus- 
pected in one patient two years before death but was not confirmed by bronchos- 
copy, while m2 other CUSCS the diagnosis wis made by bronchoscopy and biopsy 
on an average of 50 days before death. In one of these cases, however, broncho- 
genic carcinoma was suspected 6 months before death when a bronchoscopy was 


unsuccessful. In the fourth case the diagnosis was made on autopsy. Four au- 


topsies revealed three bronchogenic carcinomas of the squamous cell type and 


one adenocarcinoma. Pulmonary tuberculosis was not found in any of these cases. 
Severe bronchiectasis was found in the case with the coalescent “highlights” in 
the right lung and the single sputum which was positive for tubercle bacilli on 
microscopy. In figure 5 a representative case of this group is illustrated. 

Group V comprises 5 patients with an average age of 55 years, 4 of whom were 
treated for various respiratory symptoms for an average of 6 months, prior to the 
diagnosis of bronchogenic carcinoma. The fifth patient, although ill for 5 months, 
consulted his physician only 3 days prior to admission to this hospital. The chest 
films revealed unilateral hilar enlargement in 3 patients and areas of pneumonitis 
at the base, with extension to the homolateral hilum, in 2 patients. The diagnosis 
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Group Iv 


Fic. 5A and B. M. M., a 60-year-old white male, had been under treatment for active 
pulmonary tuberculosis since July, 1953. Sputum was always negative for tubercle bacilli 
The patient was admitted to the hospital on August 31, 1953, after a chest film (54) showed 
an exudative and productive infiltrate in both upper lobes, more marked on the right, and 
an enlarged dense right hilum. A right pulmonary malignancy, although suspected, was 
not confirmed (a bronchoscopy was unsuccessful and the bronchial aspirate was negative 
for malignant cells), Sputum remained free of tubercle bacilli. As the disease appeared to 
progress in the right upper lobe, antituberculous chemotherapy was begun on September 
20, 1953. A chest film (538) obtained on October 25, 1958, showed regression of the infectious 
process bilaterally with no change in the right hilum. The clinical improvement was of 
short duration and the patient’s respiratory symptoms increased in severity. He was 
therefore re-bronchoscoped on December 10, 1953, at which time a biopsy revealed broncho 
genie carcinoma, squamous cell type. The patient died on January 16, 1954. Autopsy re 
vealed the malignancy in the right main bronchus. Tuberculosis was not found in either 


of bronchogenic carcinoma was made on an average of two days after admission 
to the hospital—on bronchoscopy and biopsy in one, and clinically in the other 
4 patients, since their bronchoscopies and cytologic examinations of sputum and 


aspirates were either negative or inconclusive. One patient’s disease was deemed 
inoperable, while three pneumonectomies and one thoracotomy (for an inoper- 


able malignancy) were performed. 

Four bronchogenic carcinomas of the squamous cell type and one adenocar- 
cinoma were found on examination of resected lungs in 3 cases, at autopsy in 
one, and on bronchoscopy and biopsy in another. One patient who had a pneu- 
monectomy is alive to date, three and one-half years postoperatively. He is 
presently being investigated for possible metastases to the contralateral lung. 
Figure 6 is illustrative of a representative case of this group. 
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DISCUSSION 


The respiratory symptoms of bronchogenic carcinoma as listed in numerous 
reports on the subject are mainly cough, chest pains, wheezing, bloody sputum, 
and dyspnea. Added to these are loss of weight, weakness, and symptoms pro- 
duced by metastases to various organs. Physical examination is said to be of 
little value in the diagnosis of a pulmonary malignancy. Roentgenographically, 
bronchogenic carcinoma is described as manifesting itself in 90 per cent of the 
cases by an enlarged hilar region, frequently extending into the lung parenchyma; 
or in the remaining 10 per cent of the cases, by an area of atelectasis in the 
parenchyma, None of these symptoms or roentgenographic findings is pathogno- 
monic of bronchogenic carcinoma and together they simulate many other pul- 
monary diseases which must be differentiated. 

It is apparent that the difficulty in evaluating the symptoms is compounded 
when the malignancy is associated with one of the pulmonary diseases. It is not 
surprising, therefore, to find that a malignancy is frequently masked by the co- 
existing disease with a resulting delay in diagnosis. It is believed that, in order 
to obviate such a delay, an early diagnosis of bronchogenic carcinoma can be 
made by an appraisal of the whole situation, combined with an evaluation of the 
symptoms and clinical condition as they relate to the roentgenographic findings. 
It appeared, in the cases under discussion, that the symptoms (new or existing) 
often assumed an aspect of such severity as to be out of proportion to the roent- 
genographic findings. The latter were either quantitatively unimpressive, sta- 
tionary for a period, slowly progressive or, in rare instances, rapidly progressive. 

\ factor contributing to the delay in the diagnosis of bronchogenic carcinoma 
is the promiscuous use of antimicrobial therapy when the pulmonary malignancy 
is mistakenly believed to be bronchitis, pneumonia, or bronchiectasis. Improve- 
ment in the infectious process results in temporary clinical improvement which 
in turn causes the underlying neoplastic process to be overlooked. 

Similarly, in the patients of Group J in whom bronchogenic carcinoma was 
combined with active pulmonary tuberculosis, the latter condition was treated 
with specific chemotherapy. Under the influence of this treatment in these pa- 
tients, and also in those of Group 17 who were treated with bed rest only, there 
became evident a decrease in respiratory symptoms, improvement of the general 
condition and, very often, as in the 6 of 8 patients treated with chemotherapy, a 


permanent reversal of infectiousness. The improvement, however, was not 


sustained; the respiratory symptoms (new and old) took on an aspect of severity 
and the clinical condition changed to a degree which was out of proportion to 
the residual roentgenographic findings. With the general worsening of the clinical 
picture, the residual or new lesion in the parenchyma or the hilar and parahilar 
areas remained for a time unchanged or only slightly progressive. Chemotherapy 
was maintained because the treating physician ascribed the changing condition 
to the tuberculous infection 

The writer is convinced that, had the symptoms and clinical course been eval- 
uated in the light of their relation to the roentgenographic findings (which, had 
they been of a tuberculous nature, could not have caused such changes for the 
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worse), an active investigation would have disclosed the real cause of the altered 
clinica! condition. Thus, in the patients of Group J, a diagnosis of bronchogenic 
carcinoma could have been made on an average of 5.3 months earlier and, in 
the 2 patients of Group 717, on an average of 18 months earlier. The diagnosis in 
the third patient of Group 7/7 was a very difficult one and apparently could have 


been made at autopsy only 
It is apparent, then, that when pulmonary tuberculosis under chemotherapy 


(particularly after a period of temporary remission and even permanent sputum 
“conversion”’) fails to conform to the pattern of uncomplicated pulmonary tu 
berculous infection, an associated disease entity should be suspected, and active 
investigation should be undertaken. Such a procedure will often be rewarding 
It should be remembered that pulmonary tuberculosis, even in the presence of 
tubercle bacilli in the sputum in patients of the susceptible age group, cannot 
exclude the presence of bronchogenic carcinoma 

In Group [11 there were 3 patients in whom the pulmonary malignancy was 
combined with inactive pulmonary tuberculosis. When patients in this group 
presented themselves with their respiratory symptoms, it was justifiable, initi 
ally, to ascribe such symptoms to a reactivation or a spread of their old tubercu 
lous processes. However, when the sputum remained persistently negative for 
tubercle bacilli and the symptoms and general condition became of a nature 
unexplainable by the original minimal slowly growing lesions, as seen roentgeno 
graphically, the diagnosis of pulmonary tuberculosis should have been questioned 
Moreover, the diagnosis should not have been perpetuated merely because of a 
past history of this disease. In retrospect, a diagnosis of pulmonary malignancy 
could have been made in this group on an average of 16 months earlier by cor 
rectly evaluating the symptoms and clinical condition in their relation to the 
presenting roentgenographic findings 

In patients of Group 7V in whom the pulmonary malignancy simulated active 
pulmonary tuberculosis and was treated as such (with specific chemotherapy re 
sulting in good resolution of the infectious process in 2 patients), the lack of cor 
relation between the symptoms and the absence of tubercle bacilli and the 
presenting roentgenographic findings should have prompted an investigation into 
the cause of such discrepancy. In retrospect. a correct diagnosis could have been 
made in this group on an average of 19.5 months earlier. 

In Group V patients, in whom the pulmonary malignancy was not combined 
with any other pulmonary disease, a correct diagnosis could have been made on 
an average of 5.8 months earlier had proper evaluation been made of the roent 
genographic evidence of the enlarged hilar shadows and the areas of pneumonitis 
It should have been noted that these findings were accompanied by increasingly 
severe symptoms. The possibility of a pulmonary malignancy is ever present 
when respiratory symptoms in the susceptible age group are unduly prolonged 
Waterman (8) stated that two of the greatest enemies of a correct diagnosis in 
this disease are cough syrup and antimicrobial drugs, particularly penicillin 

It is of interest that the diagnosis in this group was correctly made on an aver 


age of 2 days after admission and that surgical intervention in 4 patients was 
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performed on an average of 10.2 days after admission, the disease in one patient 
being deemed inoperable. This was the rewarding result of a high index of sus- 
picion in regard to the possibility of a pulmonary malignancy. 

A common error of reliance on certain diagnostic procedures is committed in 
and out of the hospital and was noted in the cases reviewed. The diagnosis of 
bronchogenic carcinoma was frequently suspected, only to be abandoned when 
a bronchoscopy or a cytologic examination of sputum or bronchial aspirate was 
reported negative for a tumor. Such a negative report is not sufficient to exclude 
the presence of malignancy. Graham (9) found bronchoscopy to be positive in 
only 65 per cent of his cases of proved bronchogenic carcinoma, while Ochsner 
and De Bakey (10) found only 38 per cent of such positives in their series. They 
explain that these tumors usually arise in small and unfavorably located bronchi 
where visualization is poor and a biopsy difficult to obtain. Overholt and Bougas 
(11) find bronchoscopy rather than biopsy useful in determining resectability 
of a tumor, 

The percentage of positive findings is somewhat higher on cytologic examina- 
tion of sputum and bronchial aspirates for pulmonary malignancy. Ochsner (12) 
reported 68 per cent of such positive findings; Carr (13), 55 per cent; while 
Iverson (14) found only 46 per cent of positives. It is universally recognized that 
these cytologic examinations could be satisfactorily performed in a relatively 
small number of well-equipped laboratories, but only by highly trained personnel. 
The examination of at least five sputum specimens is usually advisable. 

In some cases the only means of arriving at a correct diagnosis is an explora- 
tory thoracotomy. When not resorting to this procedure it is important to use all 
diagnostic means to obtain a correct diagnosis without, however, placing com- 
plete reliance on any one method. Most important, perhaps, is the alertness of 
the physician in using his clinical judgment. While it is true that in some cases 
& pre-mortem diagnosis is not possible, it is through the awareness of the possi- 
bility of a pulmonary neoplasm and the evaluation of symptoms, clinical course, 
and roentgenographic findings in their relation to each other that a correct 
diagnosis will be obtained. 

In the cases on which autopsies were performed, various metastases were 
found. These conform generally to those described in the medical literature. In 
the group of patients in whom bronchogenic carcinoma and active pulmonary 
tuberculosis were combined and treated with antimicrobials, one patient was 
thought to have a tumor of the thyroid and another, a cerebral thrombosis. It 
was found that both of these conditions, which manifested themselves as the 
presenting symptoms, were caused by metastases from bronchogenic carcinomas. 
Metastases to the thyroid are rare but those to the brain were reported by 
Ochsner and De Bakey (15) to constitute 16.5 per cent of 3,047 cases of proved 
bronchogenic carcinoma. Leader and Bergerson (16) found that 65 of 2,000 pa- 


tients with proved bronchogenic carcinoma had brain metastases which caused 
the presenting symptoms. Many writers (17-19) who report similar cases advise 
that chest films be obtained in all males forty years or older in whom an intra- 
cranial or intraspinal lesion is suspected. 
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Likewise, several patients were encountered in whom various joint pains were 
the presenting symptoms. Several such cases were reported by Pattison and asso 
ciates (20) and Craig (21). Ruggieri (22) found arthritic pains to be the only 
complaint in 26 of his patients in whom cancer of the lung was later found 
Wierman and co-workers (23) reported the disappearance of arthritic pains after 
resection for bronchogenic carcinoma in 7 patients. They state that one could 
rely heavily on the diagnosis of malignancy, as between bronchogenic carcinoma 
and pulmonary tuberculosis in the presence of arthralgia. Arthritic pains, which 
on physical or roentgenographic examination show no evidence ol pathologic 
changes, should cause suspicion of a possible pulmonary neoplasm 

In the differential diagnosis of bronchogenic carcinoma (24) the possibility of 
other bronchial neoplasms such as adenomas, fibromas, and leiomyomas, as well 
as mediastinal diseases (unilateral at times), such as lymphomas, Hodgkin's 
disease, and leukemia, should be considered. Metastatic lesions from other organs 
when they are found in one lung; various inflammatory lesions such as abscesses, 
bronchitis, bronchiectasis, parenchymal or mediastinal tuberculosis; and viral 
and atypical pneumonias must also be differentiated 

According to some writers (3, 25) there are differences between the respiratory 
symptoms of bronchogenic carcinoma and pulmonary tuberculosis. Thus, in 
bronchogenic carcinoma, rather than in pulmonary tuberculosis, the cough is 
more harassing and less productive; bloody sputum is frequent but without 
tubercle bacilli. In bronchogenic carcinoma wheezing, loss of weight, and weak 
ness are also present, but all in a much greater degree than in pulmonary tuber 
culosis, except when the tuberculosis is in a very advanced stage. As to dy spnea 
(25), its severity (when not due to emphysema, pleural effusion, or cardiovascular 


disease) is incomparably more pronounced than in pulmonary tuberculosis 


SUMMARY 


With the steady increase in the prevalence of active pulmonary tuberculosis 
among males of the fifth, sixth, and seventh decades, an increased incidence of 
bronchogenic carcinoma in this susceptible age group is to be expected. 

In the cases herein reviewed, bronchogenic carcinoma was found to be com 
bined with active or inactive pulmonary tuberculosis and to simulate this infec 
tion. In some cases the malignancy was present without any other pulmonary 
disease. 

The delay in diagnosis of bronchogenic carcinoma, when it is combined with 
active pulmonary tuberculosis or other infections, is frequently caused by the 
favorable effect of antimicrobial therapy or bed rest on the tuberculous process, 
while the tumor remains unaffected and unrecognized. When the improvement 
is unsustained and the pulmonary tuberculosis fails to conform to the pattern of 
uncomplicated disease, the presence of another disease entity should be con 
sidered. 


It is important to rely less on laboratory procedures and more on a clinical 


appraisal, which takes into account the whole person, the symptoms, and the 


clinical course as they relate to the roentgenographic findings. 
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The importance of metastatic or arthritic manifestations as presenting symp- 
toms in the diagnosis of bronchogenic carcinoma is discussed, In the suscep- 


tible age group, a high index of suspicion in regard to a possible pulmonary neo- 
plasm is necessary. The presence of active or inactive pulmonary tuberculosis or 


the demonstration of tubercle bacilli in the sputum does not exclude the 
possibility of coexisting bronchogenic carcinoma. 


SUMARIO 


Carcinoma Broncéqeno y Tuberculosia Pulmonar. Problemas de Diagnéstico con Referencia 


Particular a la Quimioterapia Antituberculosa 


Con el constante aumento de la frecuencia de la tuberculosis pulmonar activa entre los 
varones del quinto, sexto y séptimo decenios de vida, eabe esperar una incidencia mayor del 
carcinoma broneégeno en este grupo de edad susceptible 

In los casos repasados aqui, se encontré careinoma broneégeno combinado con tubereu 
loxix pulmonar activa o inactiva y simulando esta infeecién. En algunos casos habia edncer 
sin ninguna otra afeccion pulmonar 

La tardanza en el diagndéstico del carcinoma broneégeno cuando se combina con tubereu 
losis pulmonar activa u otras infeeciones procede frecuentemente del efecto favorable 
ejercido por len terapéuts a antimicrobiana o el reposo en cama sobre el proceso tuberculoso 
mientras que el tumor permanece inafectado y sin ser reconoeido. Cuando no se sostiene la 
mejoria y la tuberculosis pulmonar deja de conformarse al patrén de una enfermedad sin 
complieaciones, debe considerarse la presencia de otra entidad patolégica 

is importante atenerse menos a los procedimientos de laboratorio y mas a la justiprecia 
cién clinica, que toma en cuenta todo el individuo, los sintomas y la evolucién clinica en 
lo que se relacionan con los hallazgos radiograficos 

Diseditese la importancia de las manifestaciones metastaticas o artriticas como sintomas 
de presentacién en el dingnéstico del carcinoma broneégeno En el grupo de edad suscep 
tible resulta necesario desplegar mucha sUuspicacta con respecto ala posibilidad de neoplasia 
pulmonar. La presencia de tuberculosis pulmonar activa o inactiva o el descubrimiento de 
bacilos tuberculosos en el esputo no exeluyen la posibilidad de carcinoma broneédgeno coexts 


tente 
RESUME 


Cancer bronchogénique el tuberculose pulmonaire Problémes de diagnostic spécialement con 


cernéa en chimiothe rapre antituberculeuse 


L’accroissement constant dela prédominance de la tuberculose pulmonaire active dans le 
sexe masculin entre 50 et SO ans, permet de prévoir une élévation de linecidence du cancer, 
dans ce groupe d’ige particuliérement susceptible 

Dans les cas analysés ici, le cancer bronchogénique a été trouvé associé A la tuberculose 
pulmonaire active ou stabilisée et simulait cette affection. Dans certains cas, la néoplasie 
était présente sans association d’autre affection pulmonaire 

Le délai apporté au diagnostic de cancer bronchogénique, quand il est associé A la tuber 
culose en activité ou A d'autres infections, est souvent provoqué par l’action favorable du 
traitement antibactérien ou de l’alitement sur le processus tuberculeux, tandis que le néo 
plasme n'est ni modifié ni décelé Quand lVamélioration n'est pas continue et que le cours 
de la tuberculose pulmonaire, sans complications associées, est atypique, l’existence d'une 
autre entité morbide doit étre envisagée 

Il est important de se fier moins aux proeédés de laboratoire et plus a l'évaluation eli 
nique, qui tient compte de l’individu dans son ensemble, des symptémes et du cours clinique 
de l’affeetion en les confrontant avec les aspects radiologiques 

L/importance des manifestations métastatiques ou articulaires comme sy mptémes appa 


rents dans le diagnostic du cancer bronchogénique est diseuté. Dans le groupe d’ige sus 


+ 3 
or 


PULMONARY TUBERCULOSIS AND CARCINOMA SO7 


ceptible, un haut degré de suspicion A l’égard de la présence possible d'un cancer pulmonaire 
est nécessaire. La présence de tuberculose pulmonaire en activité ou stabilisée, ou l'isole 
ment de bacilles tuberculeux dans l’expectoration n’exclut pas la coexistence possible d'un 
cancer bronchogénique 
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THREE PHASES OF A TUBERCULOSIS CONTROL PROGRAM 
FOR STUDENT NURSES' 
HENRY YOUNG 
(Received for publication July 29, 1955) 
INTRODUCTION 
For the past two or three decades it has become increasingly apparent that 
tuberculosis is an occupational hazard for student nurses, medical students, in 
terns, and other hospital personnel. The present report is concerned with a 
nineteen-year study of the incidence, morbidity, and control of tuberculosis at 
the Lincoln School for Nurses, the enrollment of which is predominantly Negro. 

The experience from all over the world indicates that most student nurses who 
have a negative tuberculin reaction on entering training are infected before their 
graduation. The high incidence of infection oecurs in general hospitals which do 
not have tuberculosis wards as well as in tuberculosis institutions. Ornstein and 
Meyerowitz (1) believe that the safest place for the nurse is on a tuberculosis 
service since precautions are more likely to be observed there than on non- 
tuberculosis services. However, Louria (2) at Kings County Hospital found the 
incidence of the disease among graduate nurses to be higher on the tuberculosis 


service than on the other services. 


LITERATURE 


REVIEW OF 


There is no doubt that there is danger of contact with nondiagnosed “open” cases of 
tuberculosis admitted for nonpulmonary disease to general hospitals, especially when 
routine admission chest plates are not taken. Necropsy studies by Medlar (3) at Bellevue 
Hospital on patients who died from nontuberculous causes revealed tuberculous cavities 
in 5 per cent of 1,225 autopsies. Abruzzi and Hammel (4) state that, on the basis of 
studies by Plunkett and Mikol (5) and Childress and associates (6), one can estimate 
that 40,000 patients with unrecognized tuberculosis are admitted yearly to general 
hospitals in the United States 

In studies of student nurses who train in general hospitals the rates of conversion of 
negative Mantoux reactions range from 53.6 per cent, reported by Barnwell and Becker 
man (7), to 100 per cent in the Philadelphia General Hospital (1, 8-14). Brahdy (15), in 
a five-year study of 910 nonreactors in four training schools in New York City, noted 
that approximately 85 per cent converted to a positive reaction in the course of training, 
although most worked on tuberculosis wards for a period of only four to eight weeks. He 
concluded that infection also occurred on the general wards. Thus, it is apparent that 
not only the patient with known tuberculosis presents a hazard, but the patient with un- 
diagnosed tuberculosis may present an even greater hazard 

In addition to the high rate of tuberculin conversion among student nurses, numerous 
reports published since 1930 have shown that the incidence of active tuberculosis among 
student nurses varied from 2.0 to 6.3 per cent (1, 2, 9, 11-14, 16-19), as shown in table 1. 
The percentage of students who developed disease apparently varied with the degree of 
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TABLE 1* 
Some Recent Uniren Strares Surveys Suowine THe Percentace Reacrine vo 
TUBERCULIN AND THE PercentacGe Devetoping PuLMONARY TUBERCULOSIS 
Per Cent 
Per Who 


N 
umber Cent Dev eloped 


Hospital 
fospita Tested 


Badger and Ayvazian Boston City Hospital 745 
Barnwell and Beckerman University of Michigan 611 
Hasting and Behn Six Minneapolis general 706 
hospitals 
Israel, Hetherington, and Philadelphia General O45 
Ord Hospital 
Louria Kings County Hospital 320 
Ornstein and Mevyverowitz Metropolitan Hospital 205 
Pollak and Cohen Jersey City Medical Cen 699 
ter 
Shoor Los Angeles General Hos- 10 
pital 
Todd University of Georgia 90 White 30 
Hospital 49 Negro 49 


* Modification of a table taken from Eleanor Connolly’s Study of Tuberculosis Among 
Hospital Personnel (17 


exposure and efficiency of the technique for the control of contagious disease. Muschen 
heim and associates (11) found the annual incidence to be 3 per 1,000 when the figures 
were adjusted to exclude pleurisies. These investigators believe that the morbidity rates 
at New York Hospital are comparatively low because of the small tuberculosis service 
and the careful technique practiced 

Pollak and Cohen (12) believe that, although nursing as a profession always represents 
some hazard, the higher tuberculosis morbidity among nurses —if it exists—is probably 
the result of using keener diagnostic techniques 

In reviewing the literature in an attempt to find the prevailing opinion whether a 
positive tuberculin reaction offers any degree of immunity against the development of 
active tuberculosis, one finds disagreement and controversy. On the one side. Israel and 
associates (9) observed no significant difference in incidence of disease between students 
of medicine or nursing who entered school with positive tuberculin reactions and those 
with negative reactions. Todd (12, 14, 16, 20) and others made similar observations 
However, Brahdy (15) and others (18, 21) believe that the student with a negative 


tuberculin reaction runs a greater risk of developing tuberculosis 


The purpose of the present study was to investigate the difference in the in 


cidence of active tuberculosis in the students with positive Mantoux reactions 
on admission to nursing school as compared with the negative reactors. In addi 


tion, the effectiveness of a program aimed at controlling tuberculosis is evaluated 


MATERIALS AND METHOD 


The total number of students followed during the period between 1936 through 1954 was 
906. All were young Negro females with an average age of nineteen years. They came from 
all parts ot the United States. There were a few from the Virgin Islands, but the majority 


came from New York State 
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The students receive their general training on the wards of Lincoln Hospital. They re 
ceive their psychiatric training during a twelve week period of affiliation on the Psychiat rie 
Division of Bellevue Hospital. They then spend eight weeks in affiliation at Sea View Hospi- 
tal for their specific tuberculosis training 

Although Lincoln Hospital had an aetive tuberculosis service during the period of the 
study, there was no ward set aside solely for tuberculous patients The patients were iso 
lated on the porches attached to the general medical wards, and they overflowed onto the 
medical wards. The number of known tuberculous patients has been drastically reduced only 
within the past year or two because of the increasing availability of beds in specialized city 
tuberculosi« institutions. At the time of the study no routine chest roentgenograms were 
taken on general ward admissions 

The survey can be conveniently divided into three phases 

Group 1. Those students who entered and graduated between 1936 and 1942. These 
girls were observed with routine tuberculin skin tests, routine chest films on admission, 
before and after each outside hospital affiliation, and on graduation 

Group 11. in 1942, because of the high incidence of tuberculin conversion and the 
high morbidity rate among the students, a rigid tuberculosis control program was Inst! 
tuted. This program is still in effect All students admitted from 1942 through 1949 were 
included in this group. The details of this program are described below 

Group LT. In 1950, BOG vaceination was added to the control program described 
below. Included in this first group vaccinated in September, 1950, were those students 
who entered in 1949 and still had negative tuberculin reactions The intracutaneous 
method of vaccination was used. The vaccine contained 1.0 mg. of microorganisms per 
ml. Of this preparation 0.1 ml. was given intracutaneously in the left arm at the level 
of the insertion of the deltoid muscle. The usual reaction was a small papule which 
formed in two to three weeks. The superficial papule usually became necrotic ip the 
center and remained open for one to two weeks. Upon healing, some persons were left 
with a sear similar to that caused by vaccination for smailpox. Three girls had a very 
fleeting temporary axillary adenitis which subsided quickly. There was no suppuration 
of any of the nodes, no febrile episode, and no time lost as the result of vaccination 
More than 50 per cent of the girls were left with no sear at all. 

A comprehensive health program was instituted in 1942. Under this program, a review ts 
made of all previous chest films, health history (including contact history), and the results 
of all physical and laboratory examinations before acceptance of the applicants If there is 
reason to suspect contact with an open case prior to entrance, the student is re-examined 
roentgenographically every three months for one year. 

Routine Mantoux testing: Uf initially negative, the Mantoux test is repeated every six 
months unless there is a history of contact with tuberculosis. In this case, the test is re 
peated every three months If the Mantoux reaction becomes positive, the student 
is watched closely and re-examined roentgenographically every two months for one year 
and at six-month intervals thereafter 

No negative Mantoux reactor ts permitted to affiliate at Sea View Hospital 

Routine cheat roentgenograms: A chest roentgenogram ts obtained on entering the school 
and is repeated every six months on positive tuberculin reactors, and more frequently if so 
indicated. Doubtful pre-entrance roentgenograms are held pending further study and stu 
dents with such films are not enrolled 

Chest films are obtained prior to and within two months following affiliation at Sea View 
Hospital (affiliation period is eight weeks) and all other hospitals. A routine chest roent 
genogram is obtained on graduation and any student with a respiratory infection of more 
than one week's duration has a roentgenogram of the chest taken 

Health education and recreation: It is understood that good contagious disease technique 
as a prerequisite and precautionary measure for students of 


is of the utmost importance 
In separate courses there is instruction In personal hygiene, and also practical 
e at the time of the student's routine physical examination 


nursing 
points and suggestions are mad 
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Special measures are taken to emphasize to the students the need for care to prevent cough 
and droplet infection trom patients. The students are warned not to get close to the bedside 
unless the patient wears a mask. Students are given a well-balanced diet, prepared by a 
qualifie 1 dietitian 

The school provides a planned program of entertainment, social functions, proper exer 
cise, and rest during the training period. In conducting this program, available community 
facilities are used to supplement those available at the school 

All ward patients with symptoms or physical findings referable to the chest have chest 
roentgenograms and sputum examinations for tubercle bacilli. All patients with a contact 
history of tuberculosis have their chests examined roentgenographically on admission to 
the hospital 

All food handlers receive pre employment physical examinations, including: a serologic 
test for syphilis, a chest roentgenogram, and stool examinations 


RESULTS 


Group I (students who entered and graduated between 1936 and 1941) in 
cluded 228 students. Their tuberculin sensitivity reactions are listed in figure 1. 
As seen in table 2, more than 70 per cent of the young women who were negative 
tuberculin reactors on entering nurses’ traming became positive reactors prior to 
graduation. Twelve cases (5.2 per cent) of active pulmonary tuberculosis de 
veloped in the entire group. One girl in this group of 12 developed an idiopathic 
pleural effusion in which no tubercle bacilli could be demonstrated. She was fol 
lowed for a period of five years after resuming training and no evidence of any 
parenchymal disease was found. The other 11 students were found to have 
minimal parenchymal lesions and all except one were asymptomatic. The lesions 
were discovered on routine periodic roentgenographic studies. The students who 
had the lesions were treated with the prevailing modes of therapy at that period 
Two were given artificial pneumothorax; the others were treated solely with bed 
rest. One girl developed a minimal lesion one year after graduation while working 
at another general hospital. The roentgenogram taken at the time of graduation 
was completely normal 

All of these students were able to resume their regular training within eighteen 
to twenty-four months after the initial diagnosis of tuberculosis was made, There 
were no further relapses and they completed their studies. Again it should be 
emphasized that their lesions were so minimal when first discovered that none 
would have been discovered had it not been for the routine roentgenograms 

There is no doubt that these pulmonary lesions would have gone without detec 
tion in the general population 

The incidence of the development of tuberculosis among the students with a 
positive Mantoux reaction was compared with that in students who were non 
reactors when admitted to nurses’ training (table 2, Group J). Of 141 students 
with a positive tuberculin reaction, 4 (3 per cent) developed active tuberculosis. 

Among the 87 students with a negative tuberculin reaction, 8 (9 per cent) de 
veloped active tuberculous disease. If the figures mentioned above are corrected 
to exclude the pleural effusion which was never proved to be tuberculous and the 
lesion Which developed one year after graduation, then 10 of 228 girls (4.5 per 

cent) remain who developed active disease during their period of training. 
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Fie. 1. Positive tuberculin reactors among students entering training 
Group Il (students admitted and graduated from 1942 through 1948) in- 
cludes 340 students. Their Mantoux reactions on admission and graduation are 
shown in table 2. These students were followed under the health program out- 
lined above. In this group, 5 girls (1.4 per cent) developed active pulmonary 
tuberculosis and one, a tuberculous adenitis. However, one of these students en- 
‘ tered training with a very highly positive Mantoux reaction and had come di- 
cg rectly from Sea View Hospital where she had been an attendant for some time. 
‘ She was watched carefully, and seven months later a pulmonary lesion developed. 
al 
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TABLE 2 
Comparative Resuvts or Taree Paases or tHe Turercutosis Contro.t Program 


Number Negative 
| Number Who 
Tuberculin Reaction | Bea Developed Total Incidence of 
on Admission Active Active Tuberculosis 
I. 1936 228 | Positive 141 (62%) | 4 (3% 5.2% (4.3%)°* 
through Negative 87 (38%) 4 (73% 8 (9% 
1941 
Il. 1942 340 Positive 162 (48%) 3 (1.5%)| 1.4% (0.88%)* 
through Negative 178 (52%) 55 (31%) | 2 (1.0% 
1948 
| 
III. 1949 338 | Positive 179 (53%) | If 0.3% (O%)* 
through Negative 159 (47%) 149 1421 
1954 (95% after) 0 
© 


BCG 


* Figures in parenthesis represent corrected values explained in text 
t One became a tuberculin reactor prior to BCG, Remainder became positive following 
BCG 


t Lesion present prior to admission 


It was assumed that this lesion developed as the result of infection contracted at 

Sea View Hospital since the patient had not had any ward duty at Lincoln 
Hospital. 

The student who developed a tuberculous adenitis also came in with a highly 
positive Mantoux reaction and within five months developed her disease. This, 
too, happened prior to any ward duty assignment. It is to be noticed that the 
drop in incidence of active tuberculosis in the students from 4.3 per cent in 
Group I to 0.88 per cent in Group IT oceurred during a period when there was a 
progressive rise in the incidence of known, active tuberculosis treated at the hos 
pital. Hence, there was presumably a corresponding rise in the hidden or unknown 
cases admitted to the other services during this period 

Two of the 5 girls who developed active disease in this group were negative 
reactors to tuberculin on entering training. The other three were definitely posi 
tive on admission, but as pointed out above, two presumably came in with sig 
nificant tuberculous disease 

Group ITI (students admitted and graduated from September, 1949, through 
1954) included 338 girls. Their tuberculin reactions are listed in table 2. Among 
the group of 159 negative reactors, 149 were given BCG vaccine. The remainder 
were not vaccinated for various reasons. As may be seen in the table, more than 
95 per cent developed a positive Mantoux reaction following BCG vaccination 
It was repeatedly observed that the conversion of the Mantoux reaction to posi 
tive was not related at all to the degree of local reaction at the site of BCG 
vaccination. A few of the girls who developed prolonged draining ulcerations 
continued to have persistently negative Mantoux reactions. In fact, one student 
with the most severe and persistent local reaction remained tuberculin negative 
after three attempts at vaccination. 
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Fic, 2. (Upper left). Roentgenogram showing questionable area in the second inter 
costal space on the left, on the basis of which the student was not accepted for traming 
I pper right Normal roentgenogram, on the basis of which the student was 
later accepted for training 
(Lower left Roentgenogram obtained in Ok tober was apparently normal 
(Lower right). Roentgenogram obtained in February, showing lesion at the same 


site as the lesion seen in figure at upper left 
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In this third group only one girl developed active tuberculosis. This student 
was not accepted for nurses’ training originally on the basis of her entrance film 
which showed an area of increased bronchovascular markings on the left side. 
She reapplied for admission five months later and was accepted because a roent- 
genogram obtained at that time was considered to be normal. Her Mantoux 
reaction Was positive. One year later, before she had any contact with ward 
patients, a routine chest film showed a small exudative lesion with a central high- 
light in the same site which was questioned on her very first pre-entrance film. 
These films are reproduced in figure 2. 


DISCUSSION 


It appears from the results presented above that a well-organized health pro 
gram properly administered was effective in reducing the rate of tuberculin 
conversion. In the group of students who were studied in the period prior to the 
institution of a carefully controlled program, 73 per cent of the girls with negative 
tuberculin reactions on admission became Mantoux positive during their period 
of training. Following the initiation of the health program, only 31 per cent of the 
students developed a positive Mantoux reaction during training, 

The most spectacular decrease in conversion of nonreactors has been reported 
by Myers and associates (10) at a Minneapolis Hospital with a tuberculosis 
service, Starting from a conversion rate of 100 per cent on graduation in 1932, 
the proportion dropped to zero in the class of 1945. This was accomplished by the 
discontinuance of the tuberculosis service, the introduction of a strieter con 
tagious-disease technique, and the routine roentgenographic examination of all 
patients on admission 

The drop in the rate of tuberculin conversion in the second group of students 
studied occurred in spite of the fact that during the period between 1945 and 1953 
there was a marked rise in the number of patients with active pulmonary tuber 
culosis admitted to Lincoln Hospital. Of course, this was also the period during 
which the most rapid progress was made in the specific antimicrobial therapy of 
tuberculosis. Naturally, the question arises whether this new therapy for tuber 
culosis may have been responsible for the decreased rate of infection. 

It is believed that this change in tuberculosis therapy had no effect on the 
results of the study for several reasons. First, although streptomycin was intro 
duced in 1945, its use was originally restricted to those patients with the most 
actively progressing disease. It was not until 1950 or 1951 that there was a grow 
ing trend to further broaden the indications for antimicrobial therapy of tubercu 
losis to include every patient with active disease no matter how minimal. It was 
not until 1952 that isoniazid was added to the list of therapeutic agents. Hence, 
the effects of these drugs, if any, in decreasing the infectivity of the patients to 
whom these students were exposed would only begin to have an influence during 
the last three years of this study. However, most of the tuberculous patients who 
were admitted to Lincoln Hospital through these years had active disease with 
highly infectious sputum and had received no prior therapy. Moreover, the un 
known cases, a recognized source of infection which presumably were admitted to 
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the other services during this period, could not have been influenced by the new 
specific therapy. 

Along with the drop in the development of positive tuberculin reactions in the 
nonvaccinated groups, there was also a drop in the over-all incidence of active 
disease from 4.3 per cent in Group I to 0.88 per cent in Group 11. This drop is 
most probably also a reflection of the effectiveness of a carefully administered 
tuberculosis control program. In addition, the absence of any active disease in 
the five-year period during which BCG was added to the program suggests that 
vaccination may offer some additional protection. 

Another interesting observation in the study was the fairly constant level of 
positive Mantoux reactions among the girls accepted for training. Approximately 
forty years ago the tuberculin skin test was not considered worth while in a per- 
son more than four years old because it was believed that most people had de- 
veloped a positive reaction by that early age. However, within the past two or 
three decades, this country has seen the actual elimination of bovine tuberculo- 
sis, the progressive development of broad case-finding programs among the 
general public, and the increasing segregation of patients with active disease. It 
is logical to assume, therefore, that there should be a progressively decreasing 
percentage of tuberculin reactors. However, as may be seen in figure 1, the drop 
in positive reactors appears to have reached a plateau. The results in this study 
appear to agree with those reported in studies of other groups of student nurses. 
This is shown in table | taken from Eleanor Connolly’s study (17). 

In 1949 it was apparent that, although the control program in use had brought 
about a striking reduction in the incidence of tuberculosis in that group of stu- 
dents, it was not the final answer. 

It has been said that an infallible way of preventing tuberculosis is to segre- 
gate all carriers of tubercle bacilli. The only way to carry that out, in a general 
hospital, is to obtain chest roentgenograms on all patients on admission and turn 
away all who have chest lesions which look as if they may be tuberculous. How- 
ever, since that was not possible in a general city hospital, such as Lincoln Hos- 


pital, it was believed that an attempt should be made to immunize the students 
with BCG vaccine. During the five-year period when BCG was used, only one 
girl developed pulmonary tuberculosis and she had apparently had the disease 


when she entered training 

On the basis of the experience gained in this study, in the absence of a more 
effective prophylactic agent, BCG vaccine appears to have a definite place in a 
tuberculosis control program for student nurses. It is possible that, as research 
progresses and experience accumulates with isoniazid or other chemotherapeutic 
agents, these may replace the use of BCG in a health program of this type. In 
other words, the stage has been reached when the physician will have to decide 
whether to treat every student at the first indication of a change in Mantoux 
reaction. 

The BCG Advisory Committee of the State of New York (22) reported that 
BCG is the only known practicable method of reducing morbidity and mortality 
from tuberculosis. 
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An excellent summary on “The Present Status of Vaccination in Tuberculosis 
Control Programs”’ was issued in a report from The Council on the Management 
and Treatment of Diseases of the Chest of the American College of Chest Physi- 
cians (23) in January, 1951. They say, in part: 


It must be stated that there is no evidence that meets strict scientific require- 
ments demonstrating that BCG effects the control of tuberculosis, despite the sugges 
tive results of a few studies. Because there is no genuine agreement among investi 
gators anywhere in the world on such fundamental matters as the preparation of the 
vaccine, the method of vaccination, what constitutes a successful vaccination, how 
resulting immunity may be measured or how long such immunity lasts, the pro 
cedure would seem to be still in the investigational period 


The two statements above represent the disagreement and confusion one finds 
in the literature on BCG vaccination (8, 22-28). However, there appears to be 
general agreement that BCG is safe. It was found also that very few cases of 
tuberculosis were reported to develop in student nurses who were given BCG vac 
cine. When tuberculous lesions did develop in BCG-vaccinated student nurses, 
they were very minimal, showed no tendency to progress, and cleared up after a 
short time (8, 26, 28, 29). 

Another uncertainty is the length of time the skin reaction remains positive 
following BCG vaccine. In this study more than 95 per cent of the girls vacci- 
nated maintained their positive skin reactions throughout their three years of 
training. In a seven years’ study of BCG vaccination at the Cook County Hos- 
pital Nursing School, Rosenthal (28) concludes that BCG retains its effectiveness 
as an immunizing agent for approximately three years. 

It was of interest in this study that the degree of local reaction to BCG vac 
cine was not related to the development of a positive skin test. Some of the stu- 
dents with the most severe local reactions remained Mantoux negative. This is 
contrary to the findings of Houghton and Horne (30) in Edinburgh 

A study of the pulmonary lesions developed by these students showed that 
there was no difference clinically in the type of disease which developed in a 
student who was tuberculin negative on entering training from that which 
developed in a positive reactor. Only one negative reactor developed the classical 
primary lesion with mediastinal lymph node involvement. 

Amberson and Riggins (31) made a similar observation that the 


occurrence and behavior of tuberculosis in all nurses coming under our ob 
servation thus far have not varied significantly in relation to the results of preceding 
tuberculin tests. It should be noted that no freshly developed lesions in the tracheo 
bronchial or mediastinal lymph nodes were demonstrated in those who became tuber 


culin-sensitive under observation 


Badger and Ayvazian (16) in their study at the Boston City Hospital came to a 
similar conclusion. 

In Group I and Group IT (1936 through 1948) (table 2) 10 cases of pulmonary 
tuberculosis developed in students who entered training with negative tuberculin 
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reactions, whereas 7 (corrected to 5) cases of tuberculosis developed in students 
who were positive on admission. Two of these girls apparently had the disease 
when they entered. In similar studies, Geer (32) and Amberson and Riggins (31) 
showed far more tuberculosis in the initially negative reactors. However, Pollak 
and Cohen (12) and Israel and Long (33) found a closely similar rate of tuber- 
culosis in negative and positive reactors. It is apparent, though, that most of the 
studies in the United States literature have not reported a sufficient number of 
cases to warrant drawing conclusions on the correlation between tuberculosis 


and original tuberculin reaction. 
The final observation in this study was that there was no relationship between 


morbidity and mortality. The morbidity was high because disease was discovered 
arly and proper treatment was instituted. There were no fatalities. Robins 


(29) pointed out also that there is normally no relationship between mortality 
and morbidity figures. Thus, the mortality rates for medical personnel which are 
low because of early diagnosis and thorough treatment are not inconsistent with 


F the high morbidity in the same group. 
SUMMARY 
Results of a nineteen-year study of tuberculosis in student nurses have been 
presented. The effectiveness of a tuberculosis control program and the effect of 
’ BOG vaccination, when added to such a program, have been evaluated and dis- 
cussed. 
’ Following the institution of the program there was a drop in incidence of tuber- 
culin conversion from 73 to 31 per cent. The incidence of active tuberculosis 
aie dropped from 4.3 to 0.88 per cent. 
a Following the institution of BCG vaccination, the incidence of disease dropped 
| to zero 
; The findings in the present study offer no justification for any clinical differen- 
tiation into “primary” or “childhood” and “reinfection” or “adult” tuberculo- 
sis. The type of disease has been essentially the same in character, course, and 
prognosis in both groups. 
SUMARIO 


Trea Fasea de un Plan de Dominio de la Tuberculosis para Estudiantes de Enfermeria 


Preséntanse los resultados de un estudio de diecinueve afios de la tuberculosis en las 


estudiantes de enfermeria. Justiprécianse y disettense la efieacia de un plan de lucha anti 
tuberculosa y el efecto de la vacunacién con BCG, cuando se agrega a dicho plan 

Después del establecimiento del plan, hubo una baja de 73 a 31 por ciento en la ineidencia 
La incidencia de tuberculosis activa descendié 


de viraje de la reaccién a la tuberculina 
de 4.3 a O88 por ciento 
Después de introducirse la vacunacién con BCG, la incidencia de la enfermedad bajé 


a cero 
Los hallazgos del estudio actual no ofrecen la menor justificacién para la diferenciacién 
primaria”’’ o “de la infanecia” y “de reinfeecién” o ‘del adulto.”’ 


cliniea en tuberculosis 
La forma de la enfermedad fué en el fondo idéntica en cuanto a naturaleza, evolucién y 


prondstico en ambos grupos 
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RESUME 


Trois phases du programme antituberculeux chez les éleves infirmitres 


Les résultats de dix-neuf années d’étude de la tuberculose chez les éleves infirmiéres 
sont présentés L’effieacité du programme de la lutte contre la tuberculose et les effets de 
la vaccination par le B.C.G., quand ils sont adjoints A un tel programme, sont évalués et 
commentés, 

A la suite de l’institution du programme, l’incidence du virage A la tuberculine est 
tombée de 73 A 31%. L’incidence de la tuberculose en activité est tombée de 4,3% A 0.88% 

A la suite de |’institution de la vaccination par le B.C.G., l’ineidence de la maladie est 
tombée A zéro 

Les résultats de l'étude actuelle ne justifient pas la différentiation clinique entre ‘‘tu 
bereulose primaire’’ ou “‘tuberculose de l’enfance’’ et ‘“tuberculose de réinfection” ou 
“tuberculose de Vadulte.’’ Dans les deux groupes la forme de l’affection a été essentielle 
ment la méme quant & son caractére, son évolution et son pronostic 
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Addendum 


Since this paper was written, a comprehensive statistical analysis of the changing mor 
tality and morbidity rates in tuberculosis was published by Drolet and Lowell (35). These 
authors show that in the “seven-year period (1947-1953) of the antimicrobial era,”’ the 
drop in tuberculosis mortality all over the world exceeded 60 per cent. During this same 
period, while the mortality was dropping rapidly (primarily because of the new formes of 
therapy), the incidence of new cases did not fall at the same rate. The average morbidity 
rate all over the world fell about 25 per cent. These rapidly dropping rates appeared to 
reach a plateau in 1951. However, with the appearance of isoniazid in 1952, the curves began 
to fall again. Drolet and Lowell also cited a 12 per cent incidence of positive tuberculin 
reactors among high school graduates in New York City 

Regardless of what was happening in the general population during this period, the 
student nurses at Lincoln Hospital were exposed increasingly to open tuberculosis. Drolet 
and Lowell point out that there was an increasing number of migrants to New York City 
during this period, many with open tuberculosis. These people were admitted to Lincoln 
Hospital in increasing numbers. The patients were kept until a diagnosis was established 
and a proper regimen of therapy was instituted, If collapse therapy (pneumoperitoneum 
was indicated, patients were kept until the collapse and its effect were well established 
They were then transferred to another city hospital for prolonged care. In this way, there 
was a constant influx of new open cases (many untreated prior to 1950) to which the student 
nurses were continuously exposed 
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A TUBERCULOSIS SURVEY OF PRISONERS IN SAN 
JOAQUIN COUNTY 


DUANE D. DEAKINS,' LOUIS M. BARBER, ann EUGENE W. MINARD 
(Received for publication July 8, 1955) 
INTRODUCTION 


With the gradual decline in the incidence of tuberculosis, it has become in- 
creasingly important to focus case-finding efforts upon certain higher-prevalence 
population groups. Merrill (1) has emphasized the importance of selective case 
finding and pointed out that 60 percent of the cases of tuberculosis in San Francisco 
in 1953 were found in only three census tracts. A report by Jacobson and Adler 
(2) reveals the high prevalence of tuberculosis among routine admissons to the 
Los Angeles County Hospital. Jones and associates (3), reporting on a roent- 
genographic survey of transient men in Minneapolis, concluded that 


the homeless men quite probably constituted a primary source of reinfection for 
tuberculosis in the United States. Any public health program that has as its aim the 
eradication of tuberculosis in our population should take particular account of this 
segment of the population. The study points to the need for intensified case-finding 
surveys of the populations of our “Skid Rows" and of our rehabilitation centers 


The present report is a similar example of selective case finding in San Joaquin 
County, which had the highest tuberculosis case and death rates in California® in 
19055 (4). 

The San Joaquin County seat, Stockton, is a seaport located in the middle of 
a predominantly agricultural area. Headquarters for agriculture and other 
labor-market activities are centered in Stockton’s “West End,” which is in- 
cluded in census tract 1. The population of the “West End” includes a high pro- 
portion of transient workers whose presence in the area depends upon the 
weather, farm activities, and other variables. For several years, the mobile 
roentgenographic surveys conducted by the county tuberculosis and health 
association have demonstrated a very high prevalence of tuberculosis in this 
area. The physical and social deterioration of adjacent census tracts | and 2 has 
been described in a special city report covering the period 1950-1953 (5). Of 
particular interest was the occurrence in this particular portion of the population 
of 65 per cent of the deaths from tuberculosis and 82 per cent of the adult arrests 
in Stockton. The bulk of these deaths and arrests were from the thirty-block 
“West End” area. Most of the arrests were for minor infractions of the law, 


chiefly pedestrian intoxication, which seemed to parallel the harvests (table 1). 


This geographic relationship between tuberculosis and the minor offender sug- 
gested the present survey of San Joaquin County Honor Farm prisoners. The 


' Present Address: San Joaquin General Hospital, French Camp, California 
* Case rates: San Joaquin County, 132; California, 69.4 per 100,000 population. Death 
rates: San Joaquin County, 24; California, 11.4 per 100,000 population 
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TABLE 1 
Arrests BY Montu—Srockxton, 1953 
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purposes of the survey were to determine and, at the same time, to attempt to 
reduce the prevalence of tuberculosis in this special population group 


METHODS 


Beginning in February, 1953, county Honor Farm prisoners were examined at the 
time of their release, using a 70 mm. photofluorographic unit at the San Joaquin local 
health district. Initially, inadequate facilities enabled some prisoners to avoid having 
this film taken and frequently those with suspicious minifilms could not be located 
for follow-up. Theretore, beginning in June, 1953, all prisoners had the photofluoro 
grams taken while they were enroute from the County Jail to the Honor Farm each 
week. All 70 mm. films were interpreted by the same radiologist throughout the entire 
period of the survey. The 70 mm. film readings were received on the prisoner's sixth 
day at the farm; a 14- by 17-inch chest roentgenogram was obtained on the ninth day 
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and was usually reviewed by two physicians in the County General Hospital chest 
clinic on the thirteenth day 

In most instances it was necessary to determine the disposition of the prisoner 
on the basis of the large chest roentgenogram only, since there was no provision for 
holding a prisoner in jail for lengthy evaluation. (Sputum or gastric lavage specimens 
were obtained from a few prisoners, but by the time reports were received the prisoners 
usually had been released and could not be located.) When roentgenographic findings 
warranted, the suspect was transferred promptly to the San Joaquin County General 
Hospital or to Bret Harte Sanatorium. Other prisoners with roentgenographic findings 
suggestive of nontuberculous conditions were notified to report to the outpatient 
department for study after release from jail 

Occasionally, the factor determining whether or not an individual was to be ad 
mitted was the number of beds available. When a shortage existed, a prisoner who 
had « suspicious lesion, but not one that appeared definitely active, would most likely 
be left at the Honor Farm and told to visit the clinic for follow-up studies after release 
From experience with other patients, it is known that a certain number of active cases 
will be missed when roentgenographic evidence alone is utilized 

After admission to the hospital, the usual diagnostic studies were undertaken to 
determine the activity of the patient's disease. No one admitted to the hospital was 
discharged as having inactive disease without having one or more gastric lavage 
cultures negative for tubercle bacilli and serial roentgenograms which revealed no 
change during the period of observation 

The study of diagnosed cases included data obtained by the social service worker 
in the hospital and a review of the patients’ local Bureau of Identification records in 
regard to residency, age, race, occupation, and number and types of arrest 

Survey records at the health district necessarily included a card file arranged ac 
cording to Bureau of Identification numbers as names were subject to change. Names, 
dates, and results of examinations for each individual were listed on his card so that 
a screening film would not be taken more often than every six months. 


OBSERVATIONS 


Survey Results 


During the eighteen-month period, July, 1953, through December, 1954, there 
were 30,098 bookings at the County Jail, but only 4,863 of those “booked” were 
sent to the Honor Farm and examined for tuberculosis. As there were many 
chronic repeaters, the 4,863 Honor Farm admissions represented only 3,156 


different persons. 

A summary of the results of this eighteen-month survey is shown in table 2° by 
six-month periods. The tabulation for each period is for an entirely different 
group of persons who received their initial 70 mm. sereening film during that 
period, Of 3,156 persons examined, 268 were suspected of having tuberculosis on 
the basis of the 70 mm. film. On the basis of the 14- by 17-inch roentgenogram 
alone, 125 of these suspected cases were dismissed. The roentgenographic findings 
in these cases had been classified as suspicious because of an artefact or because 
of disease which on the film appeared inactive. Some of these prisoners, how 


*To table 2 has been added information obtained in an additional six-month period 
This information was not available in time to allow rewriting of the section on survey 
results. The Discussion refers only to the statistics related to the first eighteen months of 


the survey 
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TABLE 2 
Summary or Honor Farm Tupercuiosis Survey 


Initial 70 Mm 


Roentgencgrams Follow-Up of Suspects 


Suspect I Case 
> Rate per ism issec Rate per 
Period = 1,000 New — Active 1,000 New 
Examined | Suspects | Prisoners Lost After After Tuber Prisoners 
by Roent Found | 4" x17" | Hos culosis 
genography Roent pital Cases 
genogram | Study 
July through De 1,060 127 | 119.8 28 40) 28 31 29.2 
cember, 1953 22% | 32% 22% 24% 
January through SS6 57 | 64.3 25 14 14 15.8 
June, 1954 4% | AG 8% | 
July through De 1,210 MM 69.4 31 32 7 14 11.6 
cember, 1954 37% 38% 8% 17% 
January through S28 55 66.4 a4 Il 2 18 21.9 


June, 1955 


Total for 24 months 


TABLE 3 
CoMPARATIVE PREVALENCE Or TUBERCULOSIS AS DereRrmMINED By 70 Mu. Cuesr 
ROENTGENOGRAPHIC SURVEYS 


| Suspect Case 
10 ben Rate per Tabor Rate per 
Survey Group Period 1,000 1,000 
Exami culosis ulosis 
nations | Suspects | Cases 
nations nations 
San Joaquin County Honor | July, 1953, 3,984 | 323 | 81.1 77, | 19.3 
Farm survey | through | 
June, 1955 
Minneapolis Salvation Army | October, 1952, | 405 | - 9 | 22.2 
mens’ center (3) through Au 
gust, 1953 | 
San Joaquin County Tuber- Spring, 1954 11,968 | 499 41.7 12 1.0 
culosis Association mobile 
survey (county-wide 
Tuberculosis association mo. Spring, 1954 1,119; & 75.1 7 6.3 
bile survey (West-End | 
Stockton) | 
Los Angeles County Hospital | November, 1951,) 47,837 | 349 10.0 
admissions (2) through Oc- | 


tober, 1952 


many cannot be said, would undoubtedly have been found to have active dis- 
ease if it had been feasible to investigate them carefully. Eighty-seven were lost 
to observation prior to satisfactory evaluation. A diagnosis of active pulmonary 
tuberculosis was established in 56 cases. Six of these had been reported at some 
time prior to the jail survey. 
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The over-all observed prevalence of active tuberculosis was 1.8 per cent, or 
17.7 cases per 1,000 prisoners. In table 3 it is shown that this rate is much higher 
than the one active case per 1,000 discovered in the general population survey of 
San Joaquin County, higher than the 10 cases per 1,000 found in the Los Angeles 
County Hospital survey, and comparable with the 22.2 cases per 1,000 found in 
Jones’ study of homeless men in Minneapolis. 

The remarkable difference (29.2, 15.8, and 9.1 per 1,000) in case rates among 
the three six-month periods requires discussion. The three groups were not 
greatly different in size (1,060, 886, and 1,210) and this factor should have had 
no significant effect upon the results obtained. 

The explanation for the variation may be sought in: the chance error expected 
in the random sampling of a population in which tuberculosis cases are uniformly 
distributed; the possibility that sampling was not random; possible important 


sources of error in processing, screening, or follow-up procedures; or the possi- 
bility that tuberculosis actually was not uniformly distributed in these three 


groups. 


Random sampling error: The probability that the observed variation in suspect 
and case rates could be due to chance alone is approximately one in 1,000‘ and there 
fore another explanation seems necessary 

Sample bias: Random sampling was used in that there was equality of opportunity 
for each prisoner sentenced to the Honor Farm in the survey period to have a screen 
ing examination for tuberculosis. Despite repeated screening of some prisoners, the 
diagnosis of active tuberculosis had been made within three months of the initially 
suspicious minifilm in practically all eases (26 of 31 in the first group and in all cases 
from other groups through March, 1955) 

Variation in screening and follow-up procedures: The difficulty in making an ac- 
curate interpretation of tuberculosis activity from a single 14- by 17-inch chest film 
is well known; in fact, the possibility of entirely overlooking significant abnormalities 
is definitely present. Yerushalmy (6) found that, when the same film was re-examined 
after a lapse of time by the same person, there was disagreement of 21.5 per cent in 
the interpretation. When the same film was read by different interpreters, there was 
disagreement of 30.1 per cent. This error in roentgenographie interpretation is obvi 
ously much greater than any possible error which might result from processing or 
reporting 

To reduce the number of active cases of tuberculosis that are overlooked, a sputum 
or gastric lavage examination for tubercle bacilli could possibly be done, but it is 
questionable whether the results would justify the effort. In addition to the error 
present in the interpretation of the large 14- by 17-inch chest film, there is also the 
possibility that many truly positive 70 mm. survey films are overlooked and no 
follow-up studies are made. Yerushalmy also found that, when a single reader in- 
terpreted 70 mm. films, he missed 32 per cent of the truly positives and misread as 
positive 1.7 per cent of the truly negatives. Even with two readers, 21 per cent of 
the positives were missed 

‘ Probabilities were arrived at through the chi-square formula described in standard 
statistical texts. For suspect rates xy? = 25.0, df. = 2 and p = <0.0001. For case rates, 
based on sample size, = 13.6, d.f. = 2and p = <0.001. 
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Nonuniform prevalence of tuberculosis: No significant differences in the prevalence 
of tuberculosis during this short study should be expected if sampling and testing 
procedures remained unchanged, unless there was a change in other major deter 
mining characteristics of the three prisoner groups. These factors might be age, 
race, occupation, or alcoholic distribution for the groups. Tabulation of such data 
is not feasible at present, but may be eventually through the use of International 
Business Machine equipment. Another possibility is that persons frequently ar 
rested, who had reason to suspect tuberculosis in themselves and who heard of the 


jail survey, may have avoided Stockton. 


Clinical Results 


In order that the clinical follow-up be as complete as possible, it was decided 
to limit this portion of the present report to those prisoners who were admitted 
to Bret Harte Sanatorium in the twelve-month period, July, 1953, to July, 1954, 
only. It does not include those admitted to the San Joaquin County General 
Hospital who were then dismissed or transferred to other hospitals. Thus, there 
is almost a nine-month period during which time the patients admitted in July, 
1954, could be observed. 

Of the 184 suspects found during this twelve-month period, 49 were admitted 
to Bret Harte Sanatorium as possible cases of active pulmonary tuberculosis 
The discrepancy between the 45 active cases of tuberculosis listed in table 2 and 
the 36 treated at the sanatorium is accounted for as follows: before some pa 
tients could be admitted to the sanatorium from San Joaquin General Hospital, 
they were transferred to a Veterans Administration hospital or left the hospital 
without sanction, Others, although they had their first roentgenogram during 
this period, were not diagnosed until after July, 1954. 

Among these 49 possibly active cases admitted to Bret Harte Sanatorium (all 
were male since only male prisoners were surveyed), there were 45 whites, includ 
ing 6 of Mexican extraction; 2 Negroes; and 2 American Indians. The mean age 
was forty-nine years, with a range of twenty-nine to sixty-five years (table 4 

Only 13 of these patients had had a continuous residence in San Joaquin 
County of more than two years, although the majority had been frequent visitors 
in Stockton. In none of the other 36 could residence be established in any other 


county. Forty-seven listed their occupations as laborers, and there was one 


painter and one cook. One-hundred per cent of the prisoners who came to the 
sanatorium admitted to “moderate or heavy drinking.”’ Of the 49 patients, 10 
gave a history of having been treated previously for active tuberculosis 

When this survey was first begun, the sanatorium staff envisioned a great deal 


of trouble with the prisoners. It was expected that many would refuse to obey 
the rules and regulations of the sanatorium in regard to rest periods, smoking, 
et cetera. That this did not happen is shown by the following figures. The conduct 
of 36 (73 per cent) of the prisoners was listed as “good” while in the sanatorium 
This compares favorably with an over-all average of 81 per cent “good” conduct 
among the sanatorium patients discharged during the year 1953-1954. The 


conduct of 7 prisoners was rated as “fair” and as “poor.”’ This represents 14 per 
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cent and 13 per cent, respectively. The over-all percentage was 10 per cent “fair”’ 


and 9 per cent “poor.” 

Of the 49 prisoners admitted to Bret Harte Sanatorium between July, 1953, 
and June, 1954, 36 were found to have active pulmonary tuberculosis. Twelve 
of these cases were minimal, 19 moderate, and 5 far advanced. Eleven patients 


were considered to have inactive tuberculosis and 2 were considered nontuber- 
culous. While in the sanatorium, 29 were treated with antimicrobial therapy 


consisting in the majority of cases of streptomycin, PAS, and isoniazid; 7 were 


treated with antimicrobial therapy plus pheumoperitoneum. Although several 


TABLE 4 
Cases tro Brer Harre 


Sex Occupation 


Male a Laborer 47 
Cook 
Race Painter l 
White 45 
Negro 2 Conduct 
American Indian 2 Good 36 73% 
Fair 7 14% 
Residence Poor 6 13% 
Migrant 36 
San Joaquin County Diagnosis 
2-5 years 2 Tuberculosis active 
5-10 years 3 Minimal 12 
10 or more s Moderate 19 
Far advanced 5 
Age Tuberculosis inactive 11 
Mean 49 Nontuberculous 
Range 20-65 
Previous tuberculosis 
history 
Yes 10 


No 39 


Active Cases 


Treatment Type of Discharge 


Antimicrobial only 20 With consent 
Pneumoperitoneum plus antimicrobial 7 “Home” Is 
Surgery 0 VA hospital 7 
Terminal Island 1 
Discharge Diagnosis Without sanction 
Active improved 14 = Length of Stay 
Arrested 11 Minimal! 188 days 
Inactive 9 Moderate 237 days 
Still in sanatorium 2 Advanced 194 days 


* According to the 1950 Diagnostic Standards published by the Natural Tuberculosis 


Association 
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of these patients were approached regarding surgery, all refused. The patients 
with minimal active disease spent 188 days in the sanatorium; those with 


moderately advanced disease, 237 days; and the patients with far advanced 
disease spent 194 days. The length of hospitalization for the patient with far 
advanced disease was less than for those with moderately advanced disease because 
of the high percentage of transfers to other hospitals in the group with far ad- 
vanced disease; those who were transferred had only a 06-day stay at Bret 
Harte. 

Of the 36 patients with active disease, the process was classified on discharge 
as arrested in 11, inactive in 9, and active improved in 14. Included in this active 
improved list are 8 patients who were transferred to another hospital. Two 
prisoners have not yet been discharged from the sanatorium. Kighteen were dis- 
charged “home” with consent, 7 were sent to Veterans’ hospitals, one to the 
hospital at Terminal Island, and 8 left the sanatorium by their own authority. 

The 18 patients with active disease who were discharged home with consent 
were all advised that they should continue receiving antimicrobial therapy and 
pneumoperitoneum (in 2 cases) and should report to the clinic for this treatment 
and for periodic fluoroscopy and chest roentgenography. Of these 18, only 2 have 
come in for this outpatient care Neither of the 2 receiving pheumoperitoneum 


has been seen since discharge. 


SUMMARY 


A 70 mm. roentgenographic survey of 3,156 San Joaquin County Honor Farm 
prisoners, conducted from July, 1953, through December, 1954, gave an over-all 
prevalence of 17.7 cases of active pulmonary tuberculosis per 1,000 persons. This 


prevalence is higher than that reported for the general population or for general 


hospital admissions, but is comparable with the results obtained in surveys of 
homeless alcoholic males in other parts of the United States. A significant vari- 
ation in prevalence was observed in the three different six-month periods, and 
suggestions were made concerning the possible causes. 

The care of these prisoners after admission to the sanatorium presented no 
problem. Their cooperation with respect to treatment and the sanatorium rou- 
tine was in general as good as that of the average county hospital patient. Only 
in their refusal to allow surgery did they differ significantly. 

Whether such a survey is worth while in terms of cost and reduction of the 
over-all prevalence of tuberculosis is a question which cannot be answered defi- 
nitely at this time. The most important single factor that casts some doubt on 
the value of such a program is the probable return of most of the treated pa- 
tients to an alcoholic, nomadic existence as soon as they are discharged. Return 
to that way of life will, in the majority of instances, undoubtedly lead to eventual 
reactivation of the disease. In spite of the probability that the disease of the 
majority of these persons will recur in time, the writers believe that such surveys 
are of value in the attempt to lower further the morbidity and mortality of 


tuberculosis. 
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The Honor Farm survey is still being continued and, during the six-month period from 
January through June, 1955, an additional 828 new prisoners were examined. Of these, 55 
were reported to have suspicious 70 mm. films; of the latter, 18 cases of active tuberculosis 


were diagnosed 

These recently diagnosed cases and the additional cases found during the last six-month 
period have been added to the cases listed in table 2, resulting in an over-all case rate of 
19.3 per 1,000, instead of the 17.7 rate given in the paper 

Although the clinical follow up of the cases of active tuberculosis admitted to the sana 
torium has not been completed, the following information can be given. Of the 77 active 
cases diagnosed, 20 were minimal, 42 were moderate, and 15 were far advanced pulmonary 


tuberculosis 
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INTRODUCTION 


Considerable interest has developed in the glucuronolactone derivative of iso- 
nicotinic acid hydrazide (isoniazid-G; Gatalone®) for the treatment of tuber- 
culosis (1-10). At present, however, this compound does not occupy a definite 
place in the hierarchy of antituberculous drugs. Although there is agreement 
among users of this compound that benefit attends its administration (1-6), the 
claims that it is less toxie than isoniazid and that bacterial resistance is less 
likely to develop have not been clearly established. The question appears to be 
whether the salutary effects of isoniazid-G are due merely to release of the 
isoniazid contained in its molecule or whether it acts as a separate drug. Implica- 
tions that it acts as a separate compound are inherent in reports such as those 
of DeMoen and his collaborators (7) that in the human the compound is metab- 
olized differently from isoniazid (they report much less acetylation of the deriva- 
tive), and also in the claims of Brouet and his group (6) and of Passedouet and 
his co-workers (8) that certain organisms resistant in vitro to the inhibitory 
effect of isoniazid are susceptible to isoniazid-G. On the other hand, some work- 
ers with this compound have been unable to demonstrate by the methods they 


employed that isoniazid-G has any action other than that due to its content of 


isoniazid (4, 5, 9) 

In the present work, the in vitro stability of the two drugs in various types of 
solution has been under study. It became evident that considerable amounts 
of free isoniazid were released from isoniazid-G in solution long before one could 
expect growth of M. tuberculosis in culture. Hence it seemed questionable 
whether the effect of the intact glucuronolactone isonicotiny! hydrazone on these 
organisms had ever been studied in vitro, despite reports that certain strains re- 
sistant to isoniazid were susceptible to this derivative (6, 8). In an effort to 
demonstrate possible differences in inhibitory effects of the two compounds be- 
fore free isoniazid in any great quantity could be released from isoniazid-G in 
culture media, activities of the two compounds were compared, using a quickly 
growing organism (/ascherichia colt). 

This report presents results of comparative studies of isoniazid-G (p-glucurono- 
lactone isonicotiny! hydrazone) and its parent compound, isoniazid, with respect 
to their stability in various types of solution and their inhibitory action on E£. 
coli. It is recognized that these findings have no direct bearing on the actual 
value of isoniazid-G in the therapy of tuberculosis. 


' From the Research Division, Veterans Administration Hospital, Hines, Illinois 
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MATERIALS AND METHODS 


Statility: Weighed amounts of isoniazid? and isoniazid-G* were dissolved volumetrically 
in standard buffers, blood serum, plasma, and certain hquid culture media, and solutions 
were incubated in a water bath at 37°C. Aliquots were analyzed immediately after solution 
of the compounds (which required ten to fifteen minutes) and at intervals thereafter, for 
(a) free and (6) total, i.e., free plus combined, isoniazid, using the spectrophotometric 
method of Peoples and Rosenfeld (11).* Combined isoniazid was freed by hydrolysis with 
dilute sulfuric acid before analyzing for total isoniazid, as suggested by Peoples (12). 
Initial drug concentrations were 20 y of isoniazid per ml. or its equivalent in the form of 
isoniazid-G. Solutions in plasma, serum, and culture media were made aseptically, and 
sterile precautions were used in withdrawing aliquots for analysis 

Inhibitory effects on E. coli: Nutrient broth (Difeo) was prepared with nine-tenths of the 
usual amount of water. Drugs were put into solution in ten times the desired final concen 
tration immediately before adding them to the medium. After removal of aliquots for 
reference blanks in the spectrophotometer, the remainder was inoculated with a three-hour 
culture of £. coli (resulting in approximately 4 million organisms per ml.) and was dis 
tributed in sterile cuvettes. Turbidity readings were made in replicate (at least quadrupli 
cate) in a Coleman Universal spectrophotometer at 650 millimicra, immediately and at 
hourly intervals for eight hours after incubation in a water bath at 37°C. Analyses for free 
and total isoniazid, as well as pH determinations with a Beckman pH meter, were also 
made immediately and at intervals after drugs were put into solution. The high tolerance 
of E. coli for these drugs made it necessary to use high concentrations (800 to 1,000 y per 


ml.) for growth inhibition 
RESULTS 


The stability of isoniazid and isoniazid-G in various buffers is shown in table 1. 
Isoniazid was essentially stable for at least twenty-four hours after solution in 
distilled water, in 0.1 M acetate buffer (pH 5.0), and in 0.01 M phosphate buffer 
(pH 5.6 and 6.8). In 0.01 M borate buffer (pH 8.2), the hydrazide appeared to 
have a tendency to break down; approximately 90 per cent of the original 
amount was recovered after twenty-four hours 

Isoniazid-G hydrolyzed rapidly in all of the foregoing solvents except phos 
phate buffer of pH 6.8, where, after twenty-four hours, approximately 70 per 
cent of the original amount of isoniazid was still combined. This result was in 
marked contrast to its instability in phosphate buffer of pH 5.6, where only 10 
to 15 per cent was still combined after twenty-four hours, i.e., 85 per cent was 
recovered as free isoniazid. In borate buffer with a pH of 8.2, the release of 
isoniazid from isoniazid-G was especially rapid; moreover, the stronger the 
borate, the more rapid the hydrolysis (in 0.1 M borate buffer, 73 per cent of the 


original quantity was present as free isoniazid in the aliquot analyzed immedi 


ately after solution, in contrast to 19 per cent in the weaker buffer, 0.01 M, at 
this period). 

* Kindly supplied by the Barnes-Hind Company, Inc., of San Francisco, California 

* This method is based on the fact that diazotized p-nitro aniline couples with isoniazid 
at pH 54 to give a yellow compound which turns purple at pH 12.0. The reaction is given 
at this pH only by compounds having the structure: O 


R '—-NHNH, 


= 
; 
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TABLE 1 


Srapivity or Isontazip AND Isontazip-G av 37°C. In Boerens 
Initial Concentration: 20 7 per MI. (in Isoniazid Equivalent) 


Figure = Per Cent Recovery (Isoniazid) 
Hours at 47° 
Solvent Drug 1h 
F ree Total F ree Total 


per cent per cont 


Distilled water 102 
Is 100 $2 


0.1 M Acetate, pH 5.0 Os 
4s 


0.01 M Phosphate, pH 


5.6 


0.01 M Phosphate, pH 
6.8 


0.05 M Veronal, pH 7.4 


0.005 M Veronal, pH 
7.4 


0.05 M Glycine 
pH 74 
pH 8.2 


0.01 M Glycine 
pH 7.4 32 17 
pH 6.7 pH 6.3 
pH 8.2 5 57 70 
pH 7.9 pH 7.9 


0.1 M Borate, pH 8.2 ‘ “7 
0.01 M Borate, pH 8.2 100 ws “3 
100 SS 


pH 8.15 pH 8.15 


*0 = hours after solution, which required ten to fifteen minutes 


tl = isoniazid; G = isoniazid -G 


This effect was also noted with glycine buffer. In 0.05 M glycine, hydrolysis 
proceeded rapidly at pH 7.4 as well as at pH 8.2, but reducing the molarity to 
0.01 decreased the speed of hydrolysis. Also, at the lower molarity, it was clear 
that hydrolysis was slower at pH 7.4 than at pH 8.2. After twenty-four hours, 
however, even in 0.01 M glycine buffer having an initial pH of 7.4, 86 per cent 


f 
Free Tota! 
per comt per cont 
100 “2 OS 
66 103 
102 
I 100 102 07 103 
= G 10 100 24 13 S5 
G 100 15 27 a5 
pH 7.4 pH 7.42 pH 74 
G 6 100 13 19 100 a4 
pH 7.4 pH 7.38 pH 7.38 
G 19 100 82 pH 7.1 
G 2s 100 M4 pH 7.95 
pH 6.3 
102 
pH 7.65 
SA as 
— 
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TABLE 2 
Srapitity oF Isontazip AND Isontazip-G IN PLASMA AND Serum 
Initial Concentration: 20 y per MI. (in Isoniazid Equivalent) 
Figure = Per Cent Recovery (Isoniazid) 
Hours at 47°¢ 
ths 
Total bree Total ree Total 
per cent 
Human plasma, pH 8.2 


Rabbit plasma, pH 8.2 
55 (pli 8.2 


Rabbit serum, pH : 
100) wm 62 SS 


Human serum, pH 7-7.! 104 


*0 = hours after solution, which required ten to fifteen minutes 


1 = isoniazid; G = isoniazid-G 


of the original quantity was present in the form of free isoniazid (93 per cent at 
this time period if the initial pH was 8.2). It will be noted that 0.01 M glycine 
buffer at both pH levels became gradually more acid over the twenty-four 


hour period of incubation, the buffer with an initial pH of 7.4 having a pH of 6.3 


and that originally 8.2 being 7.65, after twenty-four hours’ incubation. The pH 
of 0.01 M borate buffer dropped only slightly in four hours despite practically 
complete breakdown of isoniazid-G in this period of time. 

Isoniazid-G in 0.005 M veronal buffer of pH 7.4 appeared to be as stable as in 
0.01 M phosphate buffer of pH 6.8, and the pH was maintained for twenty-four 
hours. Only comparatively small amounts of free isoniazid were detected (table 
1). However, after twenty-four hours, total isoniazid demonstrated by deliberate 
acid hydrolysis was somewhat 'ess than 100 per cent. The reason for the latter 
result was found in the instability of free isoniazid in veronal buffer. After twenty- 
four hours, only 70 per cent of the isoniazid added as such was recoverable from 
0.005 M veronal buffer; moreover, increasing the molarity to 0.05 resulted in 
rapid breakdown of the hydrazide (35 per cent recovered at four hours, none 
being detected after twenty-four hours*). 

Isoniazid and isoniazid-G in plasma and serum (table 2): Isoniazid in serum 
seemed to disappear rapidly, only 66 per cent of the added amount being demon 
strated as free isoniazid after four hours and 54 per cent after twenty-four hours 
Deliberate acid hydrolysis of the isoniazid serum solution, however, resulted 
in 100 per cent recovery, i.e., upon incubation in serum, isoniazid appeared to 


* Method sensitive to 2 y per ml.; therefore less than 10 per cent present at twenty-four 


hours 


Wi 
b ree Total 
per cont 
Git 33 100 |_| 67 72 
>a 
‘ 
Ter 
q 
—_ 
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: combine with some constituent which prevented its reaction in the analysis for 
a free isoniazid. Since this serum had an alkaline reaction (pH 8.2), a second 
;. experiment was made with human serum adjusted with hydrochloric acid to 
; pH 7.0 to 7.5. More isoniazid remained free in this serum, 83 per cent being still 
q uncombined at the end of twenty-four hours. Again, recovery was practically 
100 per cent after deliberate acid hydrolysis. 

. Isoniazid-G hydrolyzed rapidly in plasma and serum at both pH levels. From 
ca 55 to 70 per cent appeared to be present as free isoniazid after the first one and a 


x quarter hours. An additional twenty-two to twenty-three hours of incubation 
increased the percentage somewhat. After twenty-four hours, only about 20 to 


TABLE 3 
or Isontazip AND Isontazip-G Stertte Cutture Mepium 


Concentration: 20 y per MI. (in Isoniazid Equivalent) Unless Otherwise Indicated 


Figures « Per Cent Recovery (Isoniazid 
Hours at 
Medium Drug 14 to 2 is 
ree Total F ree Total ree Total F ree Tota bree Tota 
per cent per cont per con per cent per con 
Nutrient It 100 95 97 93 
broth, pH 6.7 
pH 6.7 100 103 108 100 104 100 10K 
Gt 16 100 37 5S 78 71 85 
pH 6.7 pH 6.7 pH 6.7 pH 6.7 
G§ | 16 100 35 | 5 78 “7 77 100 
pli 6.55 pH 6.25 pH 6.05 pH 5.5 pH 5.3 
| 
| days 
Phosphate | I 100 % Ww | 87 83 87 57 75 
broth, pli 6.8 pH 6.75 pH 6.85 
pH 6.5 16 100 43 100 
aie pH 6.8 pH 6.75 pH 6.8 
Veronal I 100 103 104 
(7.4) pH 7.0 
broth, G 10 100 76 105 
| on 
Final pH pH 6.9) 
7.0 
days 
Proskauer I 100 SS 76 77 
and pH 7.0 pH 6.9 pH 6.9 pH 6.95 
Beck, pH 100 64 80) 77 81 30 29 
7.0 pH 7.0 pH 6.9 pH 6.9 pH 6.95 


*0 = hours after solution, which required ten to fifteen minutes 
t I = isoniazid; G = isoniazid-G 

t Concentration: 800 y/ml 

§ Concentration: 1,000 y/ml. (in isoniazid equivalent). 
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26 per cent of the original amount remained in an unreactive form. However, the 
method which was successful in demonstrating 100 per cent of the added com 
pound immediately after solution resulted in something less than 100 per cent 
recovery in either serum or plasma (table 2). This finding suggested either that 
a small amount of isoniazid had broken down or that it was in tighter combina 
tion than with glucuronolactone, i.e., not so readily hydrolyzed with mild acid 
Isoniazid and isoniazid-G in sterile culture media (table 3): Results of analyses 
of isoniazid (20 y per ml.) in sterile nutrient broth of pH 6.7 were qualitatively 
similar to those obtained in serum. Over a period of time less and less free isonia 
zid was detected, although deliberate acid hydrolysis permitted close to LOO per 
cent recovery even after seventy-two hours. If the broth contained 0.01 M phos 
phate buffer, somewhat less free isoniazid was detected ; moreover, acid hydrolysis 
failed to free the entire amount. With an initial concentration of 800 7 per ml., 


stability appeared to be greater in nutrient broth than with 20 y per ml 


28 
i 
26 ' 
x x CONTROL ; 
24 005% INH 
, 
( S% INH os INH-G 
22 © 01% INH os INH-G 
20 y/ 
} 
18 
a x ; 
° 
7 8 24 


3 4 5 6 
HOURS AT 37°C 


1. Inhibition of Z. coli in nutrient broth by isoniazid and isoniazid-G 
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TABLE 4 
oF Isontazip Isontazip-G Brorn CuLrures or 
l= 


Cou 
Concentration of Isoniazid per MI.;G = 1,000 4 per ML. in Isoniazid Equivalent 
Figures = Per Cent Recovery (Isoniazid) 


Hours at 


Medium Drug 2 4 6 
ree Total bree Total ree Total bree Total bree Total 
per cont per cont per cent per cent per cont 
Nutrient It 103 103 103 
broth, pH 6.7 pH 6.7 pH 6.75 
pH 6.7 Git 25 100 78 06 
pH 6.5 pH 6.1 pH 6.0 pH 5.85 pH 5.5 
Nutrient 100 100 07 a7 102 
broth pH 5.7 pH 5.85 pH 5.85 pH 5.85 pH 5.9 
pH 5.7 G 22 100 66 79 
pH 5.5 pH 5.48 pH 5.35 pH 5.4 
Phosphate 108 Os Oh 
broth pH 6.8 pH 6.75 pH 6.75 pH 6.85 
pH 6.8 G 24 100 52 64 65 6 
pH 6.8 pH 6.5 pH 6.25 pH 5.85 


*0 = hours after solution, which required ten to fifteen minutes 


tl = isoniazid; G = isoniazid-G 


When 20 7 per ml. were dissolved in the Proskauer and Beck medium used by 
Youmans and Karlson (13) (without serum), it appeared that it became not 
merely bound, as in serum or broth, but actually broken down. In twenty-four 
hours, approximately one-fifth of the original amount, and after seven days ap- 
proximately 70 per cent, was undetected as either free or combined isoniazid, 
compared with 25 per cent undetected after eight days in phosphate broth. Re- 
covery after solution in 2 per cent glycerol or 0.15 per cent magnesium citrate 
alone (two constituents of Proskauer and Beck medium) in phosphate buffer 
(pH 6.8) was close to 100 per cent after twenty-four hours 

Isoniazid-G appeared to be rapidly hydrolyzed in sterile broth whether the 
concentration was low (20 7 per ml. in isoniazid equivalent) or high (1,000 
per ml. in isoniazid equivalent). Hydrolysis was somewhat faster in the broth 
containing 0.01 M phosphate buffer and even more rapid in Proskauer and 
Beck medium. Deliberate acid hydrolysis after twenty-four hours in Proskauer 
and Beck medium released only slightly more than the amount detected as free 
isoniazid at this period (81 per cent compared with 77 per cent free). After seven 
days, only 30 per cent remained and there was no evidence of binding. It will be 
noted that a gradual drop in pH occurred when 1,000 y per ml. were incubated 
in nutrient broth; with an initial concentration of 20 y per ml., the original pH 


was maintained for at least seventy-two hours. 


bay 


INHIBITORY ACTIVITY OF D-GLUCURONOLACTONE ISONICOTINYL HYDRAZONE SO 


Isoniazid and isoniazid-G in nutrient broth cultures of EF. coli: Experiments to 
establish inhibitory concentrations of the two drugs led to the finding that 
0.05 per cent (500 7 per mil.) of isoniazid delayed growth only slightly but 0.1 
per cent of isoniazid permitted very little increase in turbidity between four and 
twenty-four hours (figure 1). If 0.1 per cent of isoniazid was added to broth in 
the form of isoniazid-G, growth for the first two hours was only slightly less than 
in the control; for the next four hours, the increase in turbidity was very slight, 
and between six and twenty-four hours it was practically stationary. Analyses 
indicated that approximately 50 per cent of the original amount was free isonia 
zid at the end of two hours, 56 per cent at the end of four hours, and close to 
80 per cent at the end of six hours (table 4). At the latter period, the pH had 
dropped from an initial 6.7 to 5.85. 

It was then attempted to duplicate these results with isoniazid-G, using 
isoniazid. It had been previously determined that a concentration of 0.05 per 
cent was less, and 0.1 per cent more, inhibitory to &. coli than O.1 per cent in 
the form of isoniazid-G. By using isoniazid in a concentration of 0.08 per cent in 
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broth adjusted to pH 5.7 (conditions which existed in isoniazid-G cultures at the 
time growth ceased), it was found that turbidity at five, six, and eight hours was 
essentially the same as that obtained using isoniazid-G (figure 2). During the 
first four hours, growth proceeded somewhat more slowly in the isoniazid cul- 
tures, the concentration of isoniazid being somewhat higher and the pH some- 
what lower than in isoniazid-G cultures during this period. It was then deter- 
mined that initial adjustment of the pH was not necessary for virtual arrest of 
growth by 0.08 per cent of isoniazid at the same level of turbidity produced in 
the presence of isoniazid-G, although eventually the growth was slightly greater 
(figure 2). 

Another trial was made to detect a difference between the effects of the two 
drugs on EF. coli when it was learned that isoniazid-G was more stable in 0.01 M 
phosphate (pH 6.8) and 0.005 M veronal (pH 7.4) buffers than in most other 
solvents (table 1). It was thought that incorporation of these buffers in nutrient 
broth might keep isoniazid-G intact. However, analyses of isoniazid-G in phos- 
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Fic. 4. Growth inhibition by adding isoniazid and iosniazid-G 1.5 hours after bacteria 
INH: isoniazid; INH-G: isoniazid-G 


phate and veronal broth revealed that, contrary to speculation, its breakdown 
was not delayed (table 3). Nevertheless, inhibition of FE. coli by the two drugs 
was tested in phosphate broth. Results were very similar to those described in 
the preceding paragraph in broth without added phosphate (initial pH 6.7) ex- 
cept that the drop in pH of isoniazid-G cultures was somewhat less (figure 3) 

A further attempt to get the intact molecule of isoniazid-G to the organisms 
was made by delaying solution of the drugs and their addition to the culture 
media until after ninety minutes of growth of the organisms. As shown in figure 4, 
in this case inhibition by isoniazid required the same period of time as when the 
drug was added at 0 hours, whereas isoniazid-G did not inhibit growth until it 
could be explained by the release of sufficient isoniazid. 


DISCUSSION 


Interest in the glucuronolactone derivative of isoniagid stems from claims of 
its original proponents that it is less toxic to animals and more inhibitory to 
certain strains of tubercle bacilli and other organisms than is isoniazid (1, 3, 6, 
8, 10, 14). Metabolic studies in 4 normal humans indicated much less conversion 
of orally administered isoniazid-G to the biologically decidedly less active 
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acetylated form (7) (5 to 15 per cent, average 7 per cent, of acetylated isoniazid 
after isoniazid-G compared with 65 to 90 per cent, average 80 per cent, after the 
administration of isoniazid). The latter figures are somewhat higher than those 
reported by Hughes, Schmidt, and Biehl (16) in the urine of 11 normal humans 
(30.4 to 61.7 per cent, average 47 per cent) after isoniazid was administered. 
Hughes and her co-workers also reported on the metabolism of isoniazid in 
tuberculous subjects. In 16 patients, acetylated isoniazid was found in a range 
of 17.5 to 73.9 per cent (average 45 per cent). These authors, interestingly, 
judged that administered isoniazid was excreted as “isonicotiny! hydrazones” 
in a range of 3 to 24.5 per cent, averaging 9 per cent in the group of 11 normal 
subjects and 22 per cent in 2 tuberculous subjects. 

Previous work from this laboratory on inhibition of the growth of tubercle 
bacilli had shown that, if isoniazid and isoniazid-G were incorporated in culture 
media in carefully calculated and measured equimolar quantities, in vitro sus- 
ceptibility to the two drugs was identical (5). Studies of in vitro stability in the 
present report indicate that these findings might have been anticipated. In the 
original work with tubercle bacilli, stability of isoniazid was assumed in 
view of reports of others of its inhibitory activity, and the drug was dissolved 
in water, filtered to sterilize it, and then incorporated in medium, which was 
incubated at 37°C. to ensure sterility before use. The more recent work in the 
present report indicates that a large portion of the drug was almost certainly 
in the form of free isoniazid even before it was added to the medium. In the 
present work, the drug was weighed aseptically and dissolved in sterile solvent, 
omitting filtration to reduce the time elapsing between solution and analysis 
and /or inhibition studies 

Evidence of rapid release in vitro of isoniazid from isoniazid-G solutions does 
not necessarily prove that in vive effects of the latter drug are due to its content 
of isoniazid. It seems questionable, however, whether, after oral administration, 
isoniazid-GV would remain intact through the highly acid environment in the 
stomach, inasmuch as acid solutions used in the present work for the determina 
tion of total isoniazid (which resulted in complete hydrolysis of isoniazid-G in 
thirty minutes at 37°C.) had a pH of 2.2. It seems possible that variations in the 
acidity of the stomach content in different persons might be responsible for the 
two different types of curves of drug concentration in the blood noted in a 
previous report after the administration of isoniazid-G (5). However, even if it 
were assumed that isoniazid-G reached the blood stream in an intact form, the 
behavior of this compound in serum of pH 7.0 to 7.5 is at least suggestive that 
by the time any drug reached sites of bacterial invasion, a large portion would 
be in the form of free isoniazid. 

In a clinical trial of high doses of isoniazid-G in this hospital in a smal! group 
of patients (4, 5), peripheral neuropathy occurred in a surprisingly large per 
centage of cases compared with toxicity found by others using isoniazid. As was 
pointed out at that time, this could have been an accidental finding in a small 


group of patients (11 patients). However the nature of the toxicity and its 
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rehef by the administration of vitamin Bs were highly suggestive that it was 
due to isoniazid. 

The im vitro behavior of isoniazid in solution proved interesing in that part 
combined in serum but was freed by mild acid hydrolysis, while incubation in 
phosphate broth, veronal buffer, and Proskauer and Beck medium resulted in its 
gradual destruction. Neither increasing the time permitted for hydrolysis nor 
increasing the strength of the acid released more isoniazid in the latter media. 
Barry and his collaborators (17) have also reported decreased isoniazid upon in- 
cubation in Proskauer and Beck medium. They found that chemical and biologic 
estimations made after five days’ incubation in the complete medium (or in 
either asparagine or magnesium citrate, two of its constituents, dissolved in 
potassium dihydrogen phosphate-potassium sulfate solution at pH 6.95) showed 
a decrease in total hydrazine, in free isoniazid, and in biologie activity, but no 
decrease in isonicotinic acid. Biologie activity and the total hydrazine concentra- 
tion decreased at the same rate. Youmans has stated (18) that isoniazid in his 
medium (Proskauer and Beck modification) tends to break down “upon pro 
longed standing (three weeks)" and advises using it for inhibition studies within 
three or four days after preparation, Presumably he tested breakdown by in- 
hibition tests. He does not state whether or not the medium used for this work 
contained serum. According to our data in the same medium without serum, 
breakdown of isoniazid at 37°C. was even more rapid than he implies. Lewin 
and Hirsch have noted that isoniazid in solution is not as stable as has been 
generally assumed (19). They found it susceptible to trace amounts of cupric 
and manganous ions under certain conditions and suggested that it might be 
destroyed by an oxidative reaction catalyzed by certain metal ions. The implica 
tions of all these findings in the drug-susceptibility testing in vitro of slowly 
growing microorganisms are complex and involved. 

It was not possible, even with the quickly growing organism EF. coli, to demon- 
strate that isoniazid-~G had inhibitory effects which could be attributed to the 
intact compound. During the first two hours after inoculation, when at leust 
50 per cent presumably remained in the glucuronolactone form, growth was 
almost as rapid as in non-drug-containing controls. An abrupt, decided reduction 
in speed of growth occurred at this point, which, according to control growth 
curves, was probably in the exponential phase. After four more hours, growth 
had ceased, 

An exact duplication of conditions existing in isoniazid-G cultures, using 
isoniazid, was not possible because of the constantly changing environment with 
reference to pH and content of free isoniazid, glucuronolactone, and their break 
down products, However, using the maximum amount of free isoniazid present in 
isoniazid-G cultures during the period of very slight growth and broth with the 
pH adjusted to match that in isoniazid-G cultures at this time, growth inhibition 
by the two drugs was practically identical. These experiments therefore failed to 
indicate that the glucuronolactone derivative of isoniazid per se had an in 
hibitory effect on FE. coli. They suggest rather that its antibacterial effect in this 
case is largely, if not entirely, due to the isoniazid it contains. 
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SUMMARY 


The glucuronolactone derivative of isoniazid, designated isoniazid-G, is a 
relatively unstable compound in solution im vitro. A substantial percentage 
rapidly hydrolyzed to free isoniazid at 37°C. in blood serum, plasma, certain 
liquid culture media, and various aqueous buffers, with the exception of 0.01 M 
phosphate (pH 6.8) and 0.005 M veronal (pH 7.4). If the latter buffers were 
incorporated in nutrient broth, however, hydrolysis was as rapid as in plain 
nutrient broth. 

Isoniazid itself in solution in blood serum had a tendency, favored by an 
alkaline reaction (pH 8.2), to combine with some constituent which prevented its 
detection until after acid hydrolysis. In serum adjusted to a pH of 7.0 to 7.5, 
little, if any, binding occurred in four hours but was clearly demonstrated after 
twenty-four hours. Isoniazid was stable for at least twenty-four hours in most of 
the buffers used except borate (pH 8.2) and veronal (pH 7.4); nutrient broth 
protected isoniazid from the destruction noted in aqueous veronal buffer. In 


yhosphate broth, only 75 per cent of isoniazid was recovered after eight days, 
I 


approximately 18 per cent being in a combined form. In a Proskauer and Beck 
type of medium without serum, 77 per cent was recovered after twenty-four 
hours, only 29 per cent after seven days, and no evidence of binding was ob- 
tained. 

Attempts to detect an antibacterial effect of isoniazid-G per se on FE. coli 
failed under the conditions employed. These experiments, rather, were highly 
suggestive that the inhibitory activity of the derivative was due solely to its 
content of isoniazid. 


SUMARIO 


Estabilidad y Efecto Antibacteriano de la Hidrazona D-Glucuronolactono-Isonicotinilica 
y la leoniacida 


El derivado glucuronolacténico de la isonaiacida es un compuesto relativamente ines- 
table en solucién in vitro. Un porcentaje substancial se hidrolizé répidamente a isoniacida 
libre a 37° C. en suero sanguineo, plasma, ciertos medios liquidos de cultivo y varios amorti 
guadores acuosos, con excepeién del fosfato al 0.01 M (pH 6.8) y el veronal al 0.005 M (pH 
7.4). Sin embargo, si se incorporaban estos Gltimos amortiguadores en caldo nutriente, la 
hidrélisis era tan rApida como en simple caldo nutriente 

La isoniacida misma en solucién en suero sanguineo mostré una tendencia, reforzada por 
una reaccién alealina (pH 8.2), a combinarse con algin componente que impedia descubrirla 
hasta después de la hidrélisis dcida. En suero ajustado a un pH de 7.0 a 7.5, hubo poea, o 
ninguna, fijacién en cuatro horas, pero si se observaba ésta claramente al cabo de veinti- 
cuatro horas. La isoniacida resulté estable a lo menos veinticuatro horas en la mayor parte 
de los amortiguadores usados, excepto el borato (pH 8.2) y el veronal (pH 7.4); el caldo 
nutriente protegié a la isoniacida contra la destruccién notada en el amortiguador de veronal 
acuoso. En el caldo-fosfato, no se recuperé més de 75 por ciento de la isoniacida al cabo de 
ocho dias, hall4ndose aproximadamente 18 por ciento en forma combinada. En un medio 
tipo de Proskauer y Beck sin suero, se recuperé 77 por ciento al cabo de veinticuatro horas 
y adlo 29 por ciento al cabo de siete dias, sin observarse signos de fijacién. 

Resultaron infructuosos los esfuerzos realizados para descubrir efecto antibacteriano de 
la isoniacida-G por af sola sobre la Z. coli en las condiciones en que se empled, Estos experi- 
mentos fueron més bien sumamente indicativos de que la actividad inhibidora del derivado 
se debia exclusivamente a su contenido de isoniacida. 
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RESUME 


Stabilité et action antibactérienne de D-Glucuronolactone Isonicotinyl Hydrazone et de 


lU'lsoniazide 


Le dérivé glucoronolactone de l’isoniazide est un composé relativement instable en solu 
tion in vitro. A la température de 37°C, un pourcentage substantiel est rapidement hydrolysé 
en isoniazide libre dans le sérum sanguin et le plasma, dans certains milieux de culture et 
divers tampons aqueux, excepté dans une solution de M phosphate (pH 6,8) 40,01 et de M 
véronal (pH 7,4) 40,005. Lorsque ces derniers tampons étaient incorporés dans un bouillon 
nutritif, "hydrolyse était néanmoins aussi rapide que dans les bouillons nutritifs ordinaires 

L’isoniazide, lui-méme, en solution dans le sérum sanguin avait une tendance, favorisée 
par une réaction alealine (pH 8,2), A se combiner avee un des composants ce qui ne permet 
tait de le déceler qu’aprés hydrolyse acide. Dans le sérum ajusté A pH 7-7,5, il ne s'est pro 
duit en quatre heures que peu ou aucune combinaison, cependant, ce phénoméne a été dé 
montré au bout de vingt quatre heures. L’isoniazide était stable pendant un minimum de 
vingt-quatre heures dans la plupart des milieux utilisés, sauf dans le borate (pH 8,2) et le 
véronal (pH 7,4); le bouillon nutritif protégeait l’isoniazide de la destruction observée dans 
le tampon véronal aqueux. Dans le bouillon au phosphate, on ne retrouvait que 75% de 
l’isoniazide au bout de huit jours, 18% environ sous forme de combinaison. Dans un milieu 
du type Proskauer et Beck sans sérum, on en récupérait 77% au bout de vingt quatre heures, 
20% seulement au bout de sept jours; aucun signe de liaison n’était observé 

Dans les conditions de |’expérience des tentatives pour déceler un effet bactériostatique 
de l’isoniazide G elle-méme sur EZ. coli ont échoué. Au contraire, l'expérimentation suggé 
rait que l’activité inhibitrice du dérivé était due A son contenu en isoniazide 
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INTRODUCTION 


Autolysis of tubercle bacilli has been observed by Schaefer, Marshak, and 
Burkhart (1) to follow growth in a semisynthetie liquid medium containing a 
limited amount of available nitrogen and an optimal concentration of glucose 
as the sole carbon source. They reported that lysis did not occur in the absence 
of glucose. Their conclusions were based on the results of experiments in which 
the initial concentrations of glucose were varied. According to Laporte (2), 
autolysis of tubercle bacilli was observed only in the presence of oxygen 

Previous experiments in this laboratory (3) have shown that streptomycin 
inhibited growth and autolysis when added to the cultures during the first week 
of exponential growth, but had no effect when added after autolysis had been 
initiated. In addition it was found that increased temperatures which inhibited 
growth and prevented lysis during early growth stages had little effect on lysis 
when applied after the peak of growth (4 

The fact that autolysis of mycobacteria has been observed and studied under 
widely different conditions has made it difficult to compare the findings and to 
evaluate properly the effects of chemical or physical factors. It was thought 
that a series of studies employing the same strain of bacilli under similar cultural 
conditions would undoubtedly aid in elucidating some of the problems relative 
to this process. Such studies likewise might aid in determining the mechanism 
responsible for autolysis 


MATERIALS 


AND METHODS 


The culture medium employed was the same as that used in previous experiments (4, 4 
The composition of the basal medium is given in table 1. To this was added glucose to 1.0 
per cent and ammonium chloride in concentrations of 15 y per ml. for “lysis inducing 
medium,” or | mg. per ml. for non-lysing medium 

The organisms used as inoculum were young cells of Mycobacterium tuberculosis, strain 
H37Rv, grown in the medium containing | mg. of ammonium chloride per ml. The inocula 
were standardized to approximately | mg. of bacilli per ml. wet weight, a single drop from 
uniform-tipped pipettes being used for each 10 ml. tube. Growth and lysis were estimated 
from turbidimetrie readings made on a Coleman Universal spectrophotometer at 650 my 
experiment consisted of cultures set up in triplicate in 20 by 150 mm. screw cap tubes 
kach curve of the gr iphe represents the mean of one or more sets of three tubes 
In order to test the effect of glucose on autolysis, bacilli were allowed to grow in the 


“Iver inducing medium" containing 1 per cent glucose. After incubation for various 


'From the Tuberculosis Research Laboratory, Veterans Administration Hospital 
Atlanta, Georgia, and Department of Bacteriology, Lmory University, Georgia. 

? The experimental results on which this paper is based were presented at the meeting of 
the Society of American Bacteriologists in New York on May 10, 1955. 
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TABLE 1 
CompostTio’ or THe Meptum Usep in THE EXPERIMENTS 


KH,PO,: 1.0 gm 

Na HPO, anhyd 2.2 gm. 
MgS0O,: 0.02 gm 

FeCl,: 0.0005 gm 

CaCl,: 0.0005 gm 

Tween” 80: 0.02 gm 
Albumin (bovine 1.0 gm 
Distilled water: to 1,000 ml 


lengths of time, the bacilli were washed three times in Marshak (5) medium without glucose 
or ammonium chloride and transferred to Marshak medium without glucose, or to medium 
without either glucose or ammonium chloride 
Several experiments were carried out to find the effects of lower and higher concentrations 
of glucose on growth and autolysis. The concentrations of glucose used in these experiments 
were 4.0, 2.0, 1.0, 0.1, 0.05, and 0.025 per cent 
For the experiments on the effect of anaerobiosis, the bacilli were first grown under 
aerobic conditions for various lengths of time In order to establish anaerobic conditions 
in each of the tubes without interfering with the spectrophotometer readings, the following 
technique was used 
A mixture of pyrogallie acid and sodium hydroxide was used to take up or to remove 
oxygen from within the eulture tubes. The py rogallic acid was placed in a sterile test 
tube, 10 by 70 mm., and was closed with a cork stopper from one side of which a V 
shaped segment had been cut (figure 1). The partially closed tube was then inserted 
into the neck of the culture tube with sterile forceps The small test tube was held 
suspended in the upper part of the culture tube by the large end of the tightly fitted 


Fie. 1. Sketch of culture tube used for making optical density readings under anaerobic 
conditions. 
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cork stopper. A solution of sodium hydroxide was introduced into the small tube con 
taining the pyrogalliec acid through the cut-away cork stopper with a syringe and 
needle. The culture tube was sealed immediately with the screw cap. Each culture tube 
used had been checked previously for regularity and smoothness of lip. The screw caps 
were Teflon lined and made air-tight seals with the rims of the culture tubes. 


RESULTS 


Effect of glucose removal: When cultures grown on “‘lysis-inducing medium” 
were transferred in the early logarithmic growth phase to medium without 
glucose and without ammonium chloride, no growth or lysis was observed sub 
sequently (figure 2). Similar transfers made nearer the peak resulted in partial 
lysis. When the bacilli were transferred to glucose-free medium at the peak of 
growth or after autolysis had proceeded for two days, lysis continued as in the 
controls (figure 3). The addition of 1,000 y of ammonium chloride per ml. at 
the time of transfer had no effect on autolysis. This is shown in curves B and D 
of figure 3. 

Influence of the initial concentration of glucose: Optimal growth and autolysis 
were obtained in 1.0 per cent glucose. This concentration was used throughout 
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OPTICAL DENSITY 


A. A 

Fic. 2. Results of initiating starvation by removal of glucose and of glucose and ammo 
nium chloride at various stages before the peak of growth. A, control with 1.0 per cent 
glucose and 15 7 of ammonium chloride per ml. C, E, and G, transferred at arrows to medium 


without glucose and with ammonium chloride. B,D, and F, transferred at arrows to medium 
without glucose and without ammonium chloride 
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Fic. 3. Results of initiating starvation by removal of glucose and of glucose and am 
monium chloride at peak of growth and two days after the peak. A, control with 1.0 glucose 
and 15 y of ammonium chloride per ml. B and D, transferred at arrows to medium without 


glucose and with ammonium chloride. C and FE, transferred at arrows to medium without 


>} 


glucose and without ammonium chloride 


except in the following experiments designed to show the effect of varying the 
concentrations, Only slight growth was obtained with 0.025 per cent glucose 
Increase of the glucose concentration to 0.05 and 0.10 per cent caused marked 


increase in total growth. No autolysis was observed in any of these concentra- 


tions. The total growth as shown by the optical density was slightly less at 2.0, 


1.0, and 5.0 per cent than at 1.0 per cent glucose Ly sis at these higher con- 


centrations was similar to that observed in the controls containing 1.0 per cent 


glucose. 

fleet of anaerobiosis: Mycobacteria grown in the non-lysing medium were 
changed to anaerobic cultures at various periods during incubation, as shown 
in figure 4. No growth of the bacteria was obtained when the cultures were 


made anaerobic at the time of inoculation (curve B). Cultures made anaerobic 
on the eighth, tenth, thirteenth, and sixteenth days of incubation (curves C, D, 
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Fig. 4. Effects of transferring to anaerobic condition bacilli growing in medium with | mg 


of ammonium chloride per ml. A, aerobic control; B, anaerobic control; C, made anaerobic 
on day 8. D, made anaerobic on day 10. FE, made anaerobic on day 13. Ff, made anaerobic on 
16. 


day 


KE, and F, respectively) ceased growing and the optical densities declined slightly 
Cultures treated on the thirteenth and sixteenth days (curves and /) showed 
the most decline in optical density. 

Cultures rendered anaerobic after the bacilli had begun to lyse showed no 
change in the rate of autolysis (figure 5). Some autolysis was observed when 
anaerobic conditions were set up just before the peak of growth. A few cultures 
were transferred to medium without glucose and were made anacrobic. The 
presence or absence of glucose in the medium did not affeet the results following 
change of lysing bacilli to anaerobic conditions. 
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Fia. 5. Effeet of transferring to anaerobic condition bacilli grown in “‘lysis-inducing 
medium” at various stages. A, aerobic control; B, made anaerobic on day 9; C, made an 


aerobic on day Il (peak); D, made anaerotne on day 15 


DISCUSSION 
Under most cultural conditions the acid-fast bacilli have generally been found 
to be almost devoid of autolysis, at least until the cultures were two or three 


whe months old. However, Schaefer, Marshak, and Burkhart (1) found that autolysis 
i of tubercle bacilli took place very readily after eight to twelve days in a modified 
< Long medium containing a limiting amount of available nitrogen. 
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In the present study, no autolysis of tubercle bacilli was observed in cultures 
growing in the “lysis-inducing medium” during the first seven or eight days 
after the initial increase in optical density. Even when growth was stopped 
during this early reproductive stage by the addition of streptomycin (3), by 
incubating at 56°C. for thirty minutes (4), by depriving the organisms of glu- 
cose, or by placing them under anaerobic conditions, autolysis did not occur. 
Lysis always occurred when the same conditions were applied just before or 
after the peak of growth. 

The fact that these agents have little or no effect on autolysis once it is in 
progress, but act as growth inhibitors during the growth phase, makes it possible 
to follow the appearance and development of the autolytic process. These ex- 
periments have indicated that the autolytic mechanism makes its appearance 
three or four days before peak growth is reached (seven or eight days after 
growth is apparent), its effectiveness being most apparent shortly after the 
peak. Unpublished data indicate that the bacterial nitrogen per unit weight of 
bacilli, as well as the external nitrogen, has been reduced considerably at the 
point at which lysis is first observed. 

Laporte (2) stated that autolysis of tubercle bacilli did not occur in the 
absence of oxygen. It is difficult to compare his results with those presented in 
this report as he did not give sufficient details of his technique to make com- 
parisons of much value. He found that the bacilli did not lyse in sealed tubes. 
When the tubes were opened, lysis was initiated but it was stopped when the 
tubes were sealed again. His results may have been produced by a lytic mech- 
anism of a different nature. 

It may be seen in figure 4 that some disintegration of the bacteria occurred 
under anaerobic conditions in medium containing ample nitrogen. At present 
no information is available to indicate the cause of this decline in optical density. 

In the present study, no tests were made on the tubes to determine the com- 


pleteness of anaerobiosis, but the anaerobic control tubes (curve B, figure 4) 


showed no growth during the entire experimental period. This fact indicates a 
lack of oxygen sufficient to support growth. 

Schaefer and associates (1), noted the effects on autolysis of varying the 
initial concentrations of glucose (or glycerol) in the nitrogen-deficient medium. 
As the glucose concentration was progressively reduced in successive experi- 
ments, the growth rate was slowed and, with concentrations of less than 1.0 
mg. per mil., little or no autolysis took place. This ied these investigators to 
suggest that “for autolysis to occur, the medium must not only be deficient in 
nitrogen but must also contain a suitable carbon source.” 

The results of the present writers confirm the conclusions of Schaefer and his 
co-workers, that glucose (or glycerol) is necessary for the initiation of autolysis. 
Once the autolytic mechanism is activated, however, glucose is not necessary 
for continued lysis of the organisms (see figure 3). Lysis may continue without 
glucose for as long as fifteen days and at a rate comparable to that of the con 
trols with glucose. 

The differential effect on growth and autolysis of concentrations of glucose of 
less than 1.0 per cent (0.05 and 0.10 per cent) is due possibly to the complete 
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utilization of the glucose for growth, resulting in cessation of growth before the 
autolytic mechanism is activated. In this case the same conditions would exist 
as are present when a similar suspension of bacteria is transferred to medium 
without glucose. 

In attempting to explain autolysis of tubercle bacilli observed in the nitrogen- 
deficient medium, Marshak and Schaefer (5) suggested that bacterial enzymes 
might be converted to other enzymes capable of utilizing a cellular nitrogenous 
substance when the ammonium chloride was exhuasted. 

This concept is not in accord with the findings on yeast by Spiegelman and 
Halvorson (6-8). By the use of amino acid analogues employing both qualita- 
tive and quantitative methods, they have shown that syntheses of enzymes and 
proteins are dependent on amino acid pools and that, without all necessary con- 
stituents of such pools, no enzymes are produced. Similar conclusions were 
reached by Lee and Williams (9) regarding enzyme formation in rat liver. 

Exhaustion of the ammonium chloride by the tubercle bacilli very likely 
limits synthesis of amino acids which may then in turn limit synthesis of en- 
zymes. These facts would tend to indicate that the appearance of new enzymes 
is unlikely in the bacilli following exhaustion of ammonium chloride from the 
cultures. 

An alternative explanation, in view of the results of the experiments on 
autolysis, appears to be that the tubercle bacilli are lysogenic. Induction of phage 
development in lysogenic bacteria by ultraviolet irradiation has been shown by 
Borek (10) to be retarded or prevented by glucose (carbon) starvation in Escher- 
ichia coli K-12; by Jacob (11), in Pseudomonas pyocyanea; and by Lwoff (12), 
in Bacillus megatherium. If it is assumed that the tubercle bacilli, H37Rv strain, 
are lysogenic and are induced to develop phage by nitrogen depletion, it is ap- 
parent that a similar effect of glucose starvation is manifested on these organisms 
as on bacilli induced by irradiation. Curves B, C, D, and E£, figure 2, show that 
lysis does not occur following removal of glucose even when the organisms are 
placed in medium without ammonium chloride. Autolysis normally induced by 
nitrogen deficiency in the “lysis-inducing medium” is inhibited by glucose 
starvation. According to Jacob and Wollman (13), the initiation of processes 
leading to phage development in lysogenic bacteria may result from “the un- 
balance of any metabolic process.” 

Further support of the phage hypothesis may be found in the demonstration 
of catalase in cultures of tubercle bacilli by Finlayson and Edson (14). The 


presence of catalase is considered generally to signify the production of hydrogen 
peroxide. According to Lwoff (15), peroxide is an inducing agent for lysogenic 
bacteria. Any metabolic disturbance resulting either in a reduction of catalase 


or an increase in peroxide would likely cause the induction of phage in a lysogenic 
bacterium. Virtanen and De Ley (16) showed that there was little decrease in 
catalase in £. coli grown for forty hours in medium containing a limited nitrogen 
source, Saccharase activity in the same cultures was reduced drastically. In a 
strict aerobe such as the tubercle bacillus, the equilibrium between catalase and 
peroxide may be more easily upset, particularly in view of the long incubation 
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periods. It is believed that this explanation 1s as plausible as that suggesting 
lysis by enzymes. Isolation of the lytic agent and demonstration of the lytic 


mechanism will be necessary to solve the problem. 


SUMMARY 


Growth of tubercle bacilli is stopped when the organisms are transferred to 
an anaerobic condition or to medium without glucose (carbon). Autolysis may 
or may not follow, depending on the medium and on the time of transfer. In 
“lysis-inducing medium” no autolysis 1s observed when transfers are made up 
to seven or eight days. During the next three or four days-—just before the peak 
of growth some autolysis follows transfer to medium without glucose, or to an 
anaerobie condition. When the transfers are made at the peak or after autolysis 
has been initiated, lysis continues unaltered, 

In attempting to explain autolysis, alternative theories based either on the 
action of autolytic enzymes or on the induction of prophage which may be 


present in the tubercle bacilli are presented, 


SUMARIO 
Efectos de la Glucosa y del Oxigeno sobre la Autdliats del Mycobacterium Tuberculosis 


La proliferacién de los bactlos tuberculosos cesa al trasladarlos a un ambiente anaerobio 


o a un medio sin glucosa (carbono). Puede o no seguir la autélisis, dependiendo esto del 
medio vy del momento del traslado. En un ‘medio Iitico”’’ no se observé autdélisis cuando se 
hacen transferencias hasta a los siete u ocho dias Durante los tres o cuatro dias siguientes 
precisamente antes del acmé—aparece alguna autdélisis después del traslado a un medio sin 
glucosa o «a un ambiente anaerobio. Cuando se hacen las transferencias durante el acmé o 
después de iniciarse la autélisis, ésta continda inalterada 

Al tratar de explicar la autolisis, se presentan teorias alternativas basadas ya en la 
accion de encimas autolitieas o en la induceién de un préfago que puede existir en los bacilos 


tuberculosos 


RESUME 
Les ts du oae et de Varygqene aur l'autol yae du M ycoobactertum tuberculoaia 


Le développement des bacilles tuberculeux s’arréte quand les bacilles sont transférés 
dans des conditions anaérobiques ou dans un milieu privé de glucose (carbone). L’autolyse 
peut ou non se produire, selon le milieu et le moment du transfert. Dans un milieu prove 
quant la lyse, l'autolyse n'est pas observée quand les transferts sont effectués dans les sept 
A huit premiers jours du développement Pendant les trois ou quatre jours suivants juste 
avant d’atteindre le sommet de la courbe—un certain degré d’autolyse suceéde au transfert 
dans le milieu privé de glucose ou dans les conditions an i¢robiques. Quand les transferts 
ont lieu au moment du sommet de la courbe de développement —ou lorsque l'autolyse a 
débuté, la lyse se poursuit sans changement 

Pour essaver d’expliquer lautolyse, différentes théories fondées sur l’action d’enzymes 
autolytiques ou sur l’activité d’un prophage, qui pourratt étre présent dans le bacille 


tuberculeux, sont présentée par les auteurs 
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HUMAN INFECTION WITH THE “YELLOW” ACID-FAST BACILLUS':? 
A Report of Fifteen Additional Cases 


LAWRENCE FE. WOOD, VICTOR B. BUHLER, ann ANN POLLAK 
(Reeeived for publication May 25, 1955) 


INTRODUCTION 


Many investigators (1-6) have reported the occasional isolation of atypical 
acid-fast organisms from the sputum, gastric washings, or pleural fluid of patients 
with pulmonary disease. Many of these organisms may have been saprophytes, 
but a few, at least, have been pathogens. The present writers have previously 
reported two cases of human disease due to an atypical acid-fast organism (7), 
and have presented one more in abstract form (8). This organism has been re 
ferred to as the “yellow bacillus” because of the yellow appearance when grown 
on culture media. This chromogenic quality distinguishes the “yellow bacillus” 
grossly from the cream to buff color produced by human tubercle bacilli, and the 
orange color produced by the acid-fast saprophyte (the “orange bacillus’). The 
“vellow bacillus” produces a smooth colony, is acid-fast with the Ziehl-Neelsen 
or Fite stain, and is larger than the bacillus of the H37Rv strain of M. tuberculosis 
It does not produce progressive fatal disease in guinea pigs, but does produce 
generalized disease and death when injected into Syrian golden hamsters. Evalu 
ation of the extent of disease in animals must be made by microscopic examina 
tion of the tissues. 

Two cases (Cases 13 and 15) of human infection with the “yellow bacillus” have 
been reported previously (7). The cultural characteristics (7) and animal patho 
genicity (9) have also been described. The present paper reports 15 additional 


patients with disease due to this organism, including one case (Case 17) previously 


mentioned briefly in abstract form (8). The “yellow bacillus’’ was cultured (table 
1) from 16 of the 17 cases reported, and in no instance was a typical tubercle 
bacillus recovered. The technique of primary isolation of these organisms was 
the same as that customarily used for culturing tubercle bacilli. Lowenstein, 
Petragnani, or American Trudeau Society medium was used. In the total series 
of 17 patients there were 5 women, 11 men, and a baby boy. One of the patients 
was a Negro and the others were white. The age range was from one month 
to sixty-five years. 

OBSERVATIONS 

Case Reports 
Case 1. A Negro woman, 34 years old, had been seen for a period of several years for ap 
parently unrelated complaints (recurrent fistula in ano, chronic salpingitis, and sickle cell 
anemia). In January, 1954, she was treated elsewhere for a “virus pneumonia.”’ In April, 


' Presented before the Medical Session, as part of Section 6A, at the annual meeting of 
the National Tuberculosis Association, Milwaukee, Wisconsin, May 25, 1955 

* This investigation was supported by a research grant (No. E-238) from the Nationa 
Microbiological Institute of the National Institutes of Health, U. 8. Public Health Servicel 
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Fic. 1A (Upper left). Case 1 (on admission). Roentgenogram showing pleural ¢ flusion at 


the left: base 
Fic. 1B (Upper right). Case 1 (eight months later), Roentgenogram showing residual 
pleural thickening at the left base 


Fic. 2A (Lower left). Case 2 (on admission toentgenogram showing pneumonie in 


filtration of right upper lobe 
2B (Lower right). Case 
infiltration following three months of antimicrobial therapy 


? (three months later). Marked clearing of the poeumont 


1954, she was hospitalized because of sudden onset of pain in the left chest and a temperature 


of twenty-four hours’ duration, On physical examination limitation of motion on 


of 104°F 
and diminished breath sounds over the lett lower lung 


inspiration. dullness to percussion 


field posteriorly were observed. A roentgenogram (figure 1A showed increased density at 
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the left base characteristic of a pleural effusion. Massive doses of penicillin were given, but 
the patient's temperature remained elevated and responded by lysis only after two weeks. 
Clear serous fluid was aspirated from the chest, and the patient was released. Following 
release, the cultures of the pleural fluid were positive for the “yellow bacillus.’’ Subsequent 
examinations and roentgenograms (figure 18) have shown no significant pulmonary disease. 


Case 2. A 50-year-old white man was admitted to the hospital with a complaint of increas 
ing fatigue for ten years, intermittent productive cough for three months, and night sweats, 
anorexia, and weight loss for three weeks. A roentgenogram (figure 2A) showed a diffuse 
pneumonic process involving the upper lobe of the right lung. Direct smear of the sputum 
was positive for acid fast organisms on one occasion, but subsequent smears were negative 
Treatment consisted of streptomycin -para-aminosalicylic acid (PAS) for three months 
Marked clearing of the pneumonie infiltrate occurred (figure 2B). However, because of resi 
dual disease, the right upper lobe was resected. The excised tissue showed a diffuse pneu 
monic infiltration which was partly fibrotic. The patient was continued on antimicrobial 
therapy, and convalescence was uneventful. Three years after operation, he complained of 
general malaise and a productive cough, but roentgenographic and bacteriologic examina 
tions did not reveal evidence of recurrent disease 


Case 3. A 36-year-old white man was known to have had an old fibrotic lesion at the right 
apex which had remained unchanged for one year. Examination at the time of induction 
into the Armed Forces revealed an exudative infiltration in the right apex which had not 
been present previously (figure 34). Physical examination of the chest was negative for 
disease. Sputum smears were negative for acid-fast organisms, but cultures were positive 
for the ‘yellow bacillus.’’ Treatment consisted of streptomycin-PAS. There was resolution 
of the pulmonary infiltration (figure 3B). The patient has been well and working for the 
past two years 


Case 4. A 53-year-old white man was admitted in September, 1952, with an illness of three 


months’ duration. A diagnosis of ““‘bronchopneumonia’’ was originally made and the patient 
was treated with penicillin. He became afebrile but continued to have easy fatigability 
and occasional hemoptyses. One month before admission a routine roentgenogram revealed 
a cavity in the right upper lobe. Streptomycin-PAS therapy was administered for sixteen 
months after admission. The right upper lobe was resected because of the persistence of 
the cavity. Chemotherapy was continued for an additional six months. The patient's post 
operative course was uneventful and he was released in June, 1954. The patient is well and 
working at the present time 


Case 5. A 44-year-old white man was first seen in September, 1954, complaining of recur 
rent mild pain in the right midaxillary region. A roentgenogram revealed a lesion in the 
chest which was considered to be a carcinoma. The patient was hospitalized and the right 
upper lobe was resected. The resected specimen showed a granulomatous lesion with no 
evidence of carcinoma. A smear of the excised tissue showed acid-fast organisms which on 


culture proved to be the “yellow bacillus.’’ Culture of the gastric washings obtained before 


operation revealed the same organisms. The patient was treated with isoniazid-strepto 
mycin for one year. Convalescence has been uneventful, and the patient is now asympto 


matic and working full time 


Case 6. A white woman, 37 years old, first noticed a persistent nonproductive cough in 
January, 1951. A roentgenogram of the chest obtained a few months later revealed an in 
filtration in the right upper lobe. The cough increased in severity, became productive of 
mucopurulent sputum, and the patient developed pain in the right chest. She was hos 
pitalized in July, 1951. Physical examination of the chest revealed increased tactile fremitus 
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Fig. 3A (Upper left). Case 3 (on admission 
tion of the right upper lobe 


Roentgenogram showing minimal infiltra 


Fic. 3B (Upper right) Case 3 (three years later Roentgenogram showing residual fibrosis 
at the site of the previous infiltration 


Fic. 4A (Lower left). Case 6 (during hospitalization 
tion of the right upper lung field with cavity formation 
has been induced 


Roentgenogram showing infiltra 
A therapeutic pneumoperitoneum 


Fig, 4B (Lower right). Case 6 (two years later Roentgenogram showing that infil 
tration and cavity formation persist. The pheumoperitoneum had been abandoned one 
month previously. 
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and diminished breath sounds on the right. A chest roentgenogram showed a cavity in the 
right upper lobe. The ‘yellow bacillus’ was cultured from the sputum. Treatment con 
sisted of streptomycin-PAS for six weeks and of PAS alone for an additional six weeks 
\ therapeutic pneumoperitoneum was then established (figure 44). Despite continued 
roentgenographic instability of the lesion and persistence of cavities, the patient was dis 
charged to the care of her private physician in April, 1952. A culture of the sputum was 
again reported positive for the “yellow bacillus.”’ The pneumoperitoneum was abandoned 
in July, 1954, and the patient has not returned to her private physician (figure 4B) 


Case 7. A white man, 56 years old, was hospitalized in September, 1949, because of asthma, 
cough, expectoration, and intermittent blood streaking of the sputum. The sputum was 
positive for acid fast organisms on direct smear. The onset of the present illness is unknown 
A previous diagnosis of pulmonary tuberculosis was made; the disease was thought to have 
heen arrested since 145. A roentgenogram revealed a cavity in the left apex and an infiltrate 
in the right apex. The patient was treated with streptomycin and bed rest. The cavity 
opened and closed repeatedly on this regimen and the sputum was intermittently positive 
for the ‘yellow bacillus’’ by smear and culture. Severe asthma was the patient's most 
prominent symptom, The patient was discharged in January, 1953, at which time the cavity 
was not apparent. He has not been heard from since his release from the hospital 


Case 8 A 45-year-old white woman was admitted to another hospital in January, 1950 
She had become ill with cough and fever fourteen months previously, at which time she 
was reported to have had a minimal lesion in the left apex. One year prior to admission the 
patient developed a pneumonic spread involving the entire left upper lobe. Pneumothorax 
and pneumolysis were performed, following which the patient developed a pleural effusion 
and « bronchopleural fistula. Several cultures of both sputum and pleural fluid revealed the 
‘“‘vellow bacillus.” Clinieally, the ‘yellow bacillus’’ was considered to be a saprophyte and 
the patient was discharged as not having tuberculosis. Twenty months later, there was in- 
creased infiltration in the left lung and an extensive spread which occupied most of the right 
lung field. Treatment consisted of streptomycin, PAS, and isoniazid. The disease gradually 
cleared on the right. The pleural effusion on the left remained essentially unchanged. After 
one year of observation and chemotherapy, a left pneumonectomy was performed. Follow 

ing the operation, the patient developed a bronchopleural fistula on the left and a cavity 
in the right midlung field. The cavity was lost to view and the patient was released. She 
is now under the care of a private physician and is asymptomatic 


Case 9. A 43-vear-old white woman was admitted to another hospital in 1942 because of 
hemoptysis. Roentgenograms revealed cavities in each upper lobe. The patient was treated 
with bed rest for nine months and with a left therapeutic pneumothorax for seven years 
In February, 1949, an unsuccessful attempt was made to expand the left lung. In May, 
1951, the patient was started on streptomycin-PAS. She consistently refused hospitaliza 
tion until Mareh, 1952, when she developed an empyema in the pneumothorax space. Three 
sputum cultures and six cultures from her empyema cavity revealed the “yellow bacillus.” 
Roentgenograms showed gradual enlargement of the cavity on the right and persistence of 
the cavity and the empyema on the left. An open drainage of the empyema cavity Was per 
formed. The patient was treated with varying combinations of all of the antituberculous 
drugs available at the time (streptomycin, isoniazid, viomycin, and iproniazid). Her gen- 
eral condition deteriorated. In November, 1953, the patient had a small hemoptysis and 


died Permission for promt mortem examination Was refused 


Case 10. A 30-year-old white man, a chronic alcoholic, was first admitted to the hospital in 
April, 1951, after a pulmonary hemorrhage of approximately one pint. He had had a mild 
productive cough for ten years. A roentgenogram revealed a cavity in the left infraclavicular 
area. Cultures of sputum and gastric washings were positive for the “yellow bacillus.”’ In 
May, 1951, the left phrenic nerve was crushed, The patient left the hospital without per 
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mission in July, 1951. Subsequently, he has been hospitalized on three occasions, each time 
with a history of productive cough, fever, weight loss, and acute alcoholism; each time he 
has left the hospital without permission. Treatment has consisted of isoniazid streptomycin 
in three interrupted courses. During this period, there was a spread of the disease to all 
lung fields. A pneumoperitoneum was induced in 1953 which was followed by some clearing 
of the pulmonary infiltration. The patient was released from the hospital in March, 1955 
and was to be followed in the chest clinic, but he has not returned for care 


Case 11. A 63-year-old white man was first seen in 1944 with a chorioretinitis and juxta 
papillitis of the right eve. This was considered to be tuberculous in origin and the patient 
was treated with Old Tuberculin (OT) for the next five months. No further note appears 
on the chart referable to the eye condition. A chest roentgenogram was normal in 1049 
Two years later, the patient developed a slight cough and a 10 pound weight loss. In June 
1951, a roentgenogram of the chest revealed an infiltration in the right upper lobe. The 
disease continued to progress and a cavity developed which enlarged while the patient was 
being treated with bed rest (figure 54). The sputum culture was positive for the ‘‘yellow 
bacillus.’’ Streptomycin-PAS was given and a right pneumonectomy was performed in 
February, 1952 (figure 5B). The patient was released and has failed to return for examina 


tion 


Case 12. A white man, 54 years old, was first admitted in November, 1947, with complaints 
referable to the genitourinary tract. At the age of four years, a right hip injury caused 
limited use, impaired growth, and atrophy of the right leg. At the age of six, a draining sinus 
appeared in the right upper thigh which healed spontaneously 

In 1943, at the age of fifty, the patient developed orchitis. One year later an enlarged 
prostate and a bladder stone were removed suprapubically. Histologic examination of the 
prostate revealed extensive granulomatous inflammation. At this time, a diagnosis of 


diabetes was made and the disease was adequately controlled by insulin 


Fig. 5A (Left). Case 11 (during hospitalization). Roentgenogram showing a cavity in the 
right upper lobe with infiltration throughout the right lung 

Fic. 5B (Right). Case 11 (one month later). Roentgenogram showing that a right pneu 
monectomy has been performed There is an effusion into the space ind a mediastinal shift 
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In 1947 (two months before admission to this hospital) the lett testicle began to swell 
The scrotum was incised but the wound failed to heal. Five weeks later a sinus developed 
spontaneously on the right side of the scrotum. A roentgenogram of the chest revealed active 
fibrocaseous disease of the right upper lung field. The persistent genitourinary tract disease 
eventually lead to a right orchidectomy and bilateral epididymectomy in May, 1949. Granu 
lomatous lesions with caseation were found in the resected specimens. In 1950, a cavity ap 
peared in the right upper lung field and a plombage (Lucite® balls) was performed. Sputum 
cultures were positive for the “yellow bacillus.’’ The tuberculin skin test (0.0001 mg. PPD) 
was negative. The urinary tract symptoms continued, and left renal and ureteral calculi 
were demonstrated. Bilateral hydronephrosis and pyelonephritis were present. intermittent 
chemotherapy, consisting of streptomycin and isoniazid, was given. The lung lesion was 
unchanged. In September, 1954, the patient was admitted to the hospital because of acute 
pneumonia and septicemia. Treatment consisted of cortisone, tetracycline, chlortetra 
eycline, streptomycin, and a sulfonamide. The patient's condition gradually improved 
and he was released in November. His present condition is unknown 


Case 13. This patient is the first of the 2 cases previously reported (7), and the following 
constitutes a progress report subsequent to October, 1951. During the next several years, 
the patient had frequent attacks of diarrhea and tarry stools. There was roentgenographic 
evidence of diverticula associated with spasm ot the colon. The patient frequently com 
plained of pain in the right chest at the site of the incision, but on one occasion complained 
of pain in the left chest radiating down the left arm. A productive cough developed but no 
further cultures were obtained. A facial skin lesion appeared which histologically was gran 
ulomatous. The patient died unexpectedly at home in 1955. Permission for post-mortem 


examination was not obtained 


Case 14. A 65-year-old white man was hospitalized eight weeks before death. His illness 
had begun six months before with pneumonia, followed by anorexia, progressive weakness, 
pain in the chest, night sweats, and a weight loss of 15 pounds. A roentgenogram of the chest 
showed a bilateral pulmonary infiltration. The hemoglobin was 5.6 gm.; hematocrit, 13 
per cent; the erythrocyte count, 1,800,000; the leukocyte count, 3,600; and the platelet 
count, 74,000 per cu. mm. The bizarre hematologic picture transferred interest from the 
chest findings, and the patient was treated on the general medical service as a hematologic 
problem. After repeated transfusions the hemoglobin remained at 7.7 gm.; the platelet 
count fluetuated between 52,000 and 70,000 per cu. mm. The leukocyte count decreased to 
85) per cu. mm. Bone marrow examination did not lead to a diagnosis. The patient was given 
corticotropin as a therapeutic test for suspected hypersplenism. This produced a rise in 
the platelet count and the leukocyte count, chiefly of the granulocytic series. By this time, 
the sputum culture was reported as positive for the “yellow bacillus.”’ 

Because of the patient's desperate condition, the corticotropin was continued, strepto 
mycin was given, and a splenectomy was performed. A caseous lesion was found in the 
spleen. The dosage of corticotropin was gradually reduced and streptomycin was contin 
ued. The leukocyte count rose to 6,400 per cu. mm. but the erythrocyte count and the hemo 
globin remained low. The patient developed a temperature varying to 102°F. Roentgeno 
grams of the chest showed a bilateral bronchopneumonia (figure 6). His condition became 
worse and he died one month after splenectomy. Autopsy showed two disease processes 
Extensive caseous lesions were observed in the lungs in which large numbers of ‘‘yellow 
bacilli’’ were found by Fite stain and by culture. There was also an extensive aspiration 
pneumonia in which a variety of pyogenic bacteria and Candida were found. 


Case 16. This patient is the second of the 2 cases previously reported (7) 


Case 16. A 34-year-old white woman became pregnant during the winter of 1950. During 


the course of pregnancy, she developed malaise and headaches, and during the last month 


a 
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Fic. 6. Case 14 (six days before death). Roentgenogram showing extensive infiltration 


involving all lobes of both lungs with superimposed aspiration pneumonia 


of pregnancy she had a daily temperature of 102°F. Penicillin therapy was given. Five days 
later she was admitted to another hospital and gave birth to a premature infant (Case 17). 
Nine days later, laparotomy and drainage of the gall bladder was performed at which time 
the surgeon found milky fluid in the abdomen and gall stones. The patient was released 
from the hospital but her headaches persisted and she later began to vomit. The child died 
at four weeks of age with signs of pneumonia. Because of the post-mortem findings in the 
child and the patient's headaches and vomiting, she was admitted to this hospital where a 
clinical diagnosis of tuberculous meningitis and peritonitis was made. Treatment consisted 
of dihydrostreptomycin and PAS. Cerebrospinal fluid cultures were positive for acid-fast 
organisms but failed to produce disease in guinea pigs. The patient failed to respond to 
therapy and was transferred to a tuberculosis sanatorium. Roentgenograms obtained there 
showed miliary infiltration in the lungs (figure 7). The patient died five weeks later; permis- 


sion for post-mortem examination was not obtained 


Clinical Manifestations 


The disease produced by the “yellow bacillus” resembles tuberculosis clinically 
and roentgenographically. It is usually a chronic disease which may be localized 
or generalized. In the present limited experience, all instances of widely dissemi 
nated infection have lead to a fatal termination (table 1) 

Ten of these patients (Cases 1 to 10) had lesions apparently confined to the 
lungs. The upper lobe was primarily involved and cavity formation was frequent. 
One patient (Case 1) had a pleural effusion without a demonstrable pulmonary 
parenchymal lesion. In 4 patients (Cases 1/1 to 14), at least one other organ system 
in addition to the lung was involved. One patient (Case 12) developed bilateral 
genitourinary disease; another (Case 14) had a large caseous lesion in the spleen 
associated with hypersplenism, and died. One patient (Case 11) received treat- 
ment for chorioretinitis several years prior to the onset of his pulmonary disease. 
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Pia, 7. Case 16 (five weeks before death). Roentgenogram showing miliary infiltration 
involving all lobes of both lungs 


The fourth patient (Case /3) developed nodular lesions of the skin which, on 
histologic examination, proved to be granulomatous. 

Three patients had generalized disease. The first case (Case 15) has been pre- 
viously reported (7). The autopsy in this case showed massive caseation of the 
lymph nodes and spleen in addition to smaller lesions in the liver, lungs, gastro 
intestinal tract, pancreas, and adrenal glands. The other 2 patients (Cases /6 
and /7) were a mother and her baby. At the time of operation for cholelithiasis, 
the mother had evidence of peritonitis and subsequently developed clinical and 
bacteriologic evidence of meningitis and roentgenographic evidence of miliary 
pulmonary infiltration. She died and permission for autopsy was not obtained 
The baby died at the age of one month and autopsy revealed massive caseous 
pneumonia, extensive involvement of the hilar lymph nodes, and less extensive 
involvement of the spleen and liver 

The tuberculin skin reactions of this group were of considerable interest (table 
1). One or more Mantoux tests (0.0001 PPD) were performed on 11 of these pa 
tients. The initial test was positive in 7 instances. Two patients (Cases /2 and 
15) were consistently negative. One patient (Case 16) had a negative skin test 
(0.0001 mg. PPD) at the time of admission to the hospital. This test was repeated 
in one week and again was negative. However, at the end of three weeks, there 
was a minimal positive reaction. Another patient (Case 3) was repeatedly negative 
(0.0001 mg. PPD) when the test was read at the usual time (forty-eight to seventy- 
two hours), but a positive reaction occurred on the fifth day. 


Treatment 


An initial diagnosis of tuberculosis was made on all of these patients and they 


were treated accordingly. Most of them received antimicrobial therapy consisting 
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of some combination of streptomycin, isoniazid, and PAS. The majority of these 
patients showed some clinical and roentgenographic improvement. Those with 
generalized disease, however, failed to show any favorable response. In addition 
to medical treatment, 6 of these patients also had excisional pulmonary surgery. 
Lobectomy was performed on 4 patients (Cases 2, 4, 5, and 13) and pneumoneec- 
tomy on 2 (Cases 8 and 11). 


Preliminary experimental data (10) indicate that the “yellow bacillus” is sus- 
ceptible to streptomycin in therapeutically obtainable concentrations. Para 
aminosalieylie acid produces only a temporary inhibition of growth. The effects 
of isoniazid are variable; most of the strains of the “‘vellow bacillus” are resistant 
to moderate or even high concentrations. This applies to some organisms cultured 
from patients who have not received this drug. 

In the experimental animal, streptomycin treatment in doses analogous to 
those used in treating human disease produces marked prolongation of life, dimi- 
nution in the extent of disease, and reduction in the number of organisms present 
in the lesions. Experiments in rwo with PAS and isoniazid were unsatisfactory 
and will have to be repeated. 


Present Clinical Status 


The present status of the 17 patients in this series is as follows: 

Four patients (Cases /, 3, 4, and 5) are well and working at the present 
time. 

One patient (Case 2) has neither roentgenographic nor bacteriologic evi 
dence of disease, but complains of slight productive cough and increased 
fatigability. 

One patient (Case 8) is under observation and treatment 

It has not been possible to follow 5 patients (Cases 6, 7, 10, 11, and 12), 

Six patients (Cases 9, 13, 14, 14, 16, and 1/7) died. Five of these died of 
the disease; information on the sixth (Case /3) is incomplete 
Superficially, it appears that this disease has a gloomy prognosis. It must be 

remembered, however, that many of these patients came to the attention of the 
writers because of their severe clinical course, so that no accurate conclusion can 
be drawn from the present series concerning the ultimate prognosis of this infee 
tion. It is the opinion of one of the writers (L. E. W.) that these patients usually 
have less severe symptoms and clinical course than do patients with the same 
extent of involvement with tuberculosis. This statement does not apply to pa 


tients with disseminated disease. The absence of symptoms is conspicuously true 


of the patients of Cases 3, 5, 6, and 7. 


DISCUSSION 


The clinical and roentgenographic findings in human infection by the “yellow 
bacillus’ resemble tuberculosis. In this series, the lung was always involved, and 
sometimes other organ systems were as well. There are two clinical differences 
hetween these two diseases which may sometimes suggest the diagnosis of infec 
tion by the “yellow bacillus.” One of these is that, despite the relatively large 


number of deaths in this series (owing to the selection of the most serious cases 
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for special study), it is the impression of one of the writers (L. E. W.), who has 
observed these cases clinically, that the symptoms are less severe and the course 
is more benign than they are in patients with an equal extent of disease due to 
M. tuberculosis. The other difference is that the tuberculin test may be negative 
in some patients with obviously extensive disease (table 1). 

The only definite diagnostic procedure for distinguishing between infection 
with the “yellow bacillus” and M. tuberculosis is by careful bacteriologic study 
and animal inoculation (7,9). The “yellow bacillus” usually fails to produce pro- 
gressive fatal disease in guinea pigs when injected either by the subcutaneous or 
the intraperitoneal route. It regularly produces progressive fatal disease in 
hamsters. 

The gross and microscopic pathology of human infection by the “yellow 
bacillus’ will be described in detail in a subsequent report (10). 

The treatment of patients infected by the “yellow bacillus’’ has been identical 
with that of patients with tuberculosis. In many cases, the diagnosis has been 
made only in retrospect, after the patient had received months or years of treat- 
ment for tuberculosis. Preliminary experimental studies with antimicrobial drugs 
(10) suggest that streptomycin is bacteriostatic for the “yellow bacillus’’ both 
in vitro and in vivo. The in vitro studies also suggest that both isoniazid and PAS 
may be relatively ineffective, as the organisms frequently have a moderate or 
high degree of resistance to these two drugs. 

The incidence of infection by the “yellow bacillus” is infrequent when com- 
pared with the incidence of infection by M. tuberculosis in this area. The 17 cases 
in the present study have been found in the greater Kansas City area over the 
past five years after studying hundreds of patients with pulmonary disease. Sev- 
eral other patients have been observed who were probably infected with the 
“vellow bacillus,”’ but the studies are incomplete and the cases are not included 
in this report. The series presented is too small to draw any valid conclusions 


concerning epidemiology, age, sex, or racial incidence. 
SUMMARY 


Fifteen additional cases of human infection with the “yellow bacillus” are re- 
ported, which bring the total number of patients in the present series to 17. Clini- 
eally, the infection resembles tuberculosis. The cases can be divided into those 
in which the disease is confined to the lungs, those in which the disease involves 
one organ system in addition to involvement of the lungs, and those in which the 
disease is widely disseminated. 

Four patients are well and working; 4 patients are still ill; 3 patients have dis- 
appeared. Six patients have died, 5 of whom died of the disease. 


SUMARIO 


Infeccién Humana con el Bacilo Acidorresiatente ‘‘Amarillo.”” Presentacién de Quince 


Casosa Nuevos 


‘‘bacilo amarillo,’’ que hacen 


Preséntanse 15 casos nuevos de infeecién humana por el 
subir a 17 el total de enfermos en la serie actual. Clinicamente, la enfermedad se parece a 
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Cabe dividir los casos entre aquéllos en que la enfermedad se limita a los 


la tuberculosis 
de los 


pulmones, aquéllos en que la enfermedad afecta un sistema de érganos ademéas 
pulmones y aquéllos en que la enfermedad se halla ampliamente diseminada 
Cuatro enfermos estan bien y trabajando; 4 estan todavia enfermos; 3 han desaparecido 


Seis sujetos han fallecido, 5 de ellos de la enfermedad 


RESUME 
Infection humaine par la bac ille jaune ™ ac ido resistant Rapport sur quinze cas additionnela 


Quinze cas additionnels d’infection humaine par le ‘‘bacille jaune’’ sont rapportés, ce 
qui porte A 17 le nombre total de malades de la série en cours d’étude. Cliniquement 


l’infection ressemble A la tuberculose. Les cas peuvent se répartir entre ceux of la maladie 


est localisée au poumon, ceux oft la maladie intéresse un systéme organique en dehors du 


poumon et ceux of la maladie est largement disséminée 
Quatre malades sont bien portants et vaquent A leurs occupations; 4 sont encore 


malades: 3 ont disparu. Six malades sont morts, 5 d’entre eux ont succombé A la maladie 
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INTRODUCTION 


In certain cases of pulmonary tuberculosis, especially in women and children, 


there is no spontaneous expectoration, and hence no sputum is available for bae- 
teriologic examination. Several methods of isolating tubercle bacilli have been 
devised in the absence of expectoration, and these include the cultural examina- 
tion of feces, material coughed onto laryngeal mirrors, bronchial lavage, gastric 
lavage, and laryngeal swabs. It is proposed in the present study to consider the 
relative efficiency of gastric lavage and laryngeal swabs, since these two methods 


lend themselves best to routine practice 


The examination of gastric contents was originally introduced by Meunier (1) 


and its value as a diagnostic procedure has been confirmed by numerous workers. 
The routine use of gastric lavage has been criticized by Nassau (2) as being incon- 
venient, complicated, and costly. As an alternative he revived the use of the la- 


ryngeal swab which, he states, was originally used by Blume in 1905 (3). 


Review of the Literature 


Since Nassau’s paper, various reports have appeared on the comparative efficiency of 


gastric lavage and laryngeal swabs (4-9). Hounslow and Usher (4) compared the results 
of three consecutive laryngeal swabs and a single gastric lavage in 193 patients and 
formed the opinion that the results of three consecutive laryngeal swabs were as good as 
and probably better than a single gastric lavage. Forbes and co-workers (5) examined 
100 inpatients and 101 outpatients by both methods and found that gastric lavage gave 
slightly superior results for inpatients but that there was no difference between the pro 


portion of positive results obtained by the two methods in outpatients 


In Canada, Duggan and Delamater (6) made 100 consecutive routine gastric cultures 


and also collected three laryngeal swabs from each patient. They considered that two 
or, preferably, three of the laryngeal swabs were as accurate as a single gastric lavage 
and culture and they therefore considered it reasonable to substitute the more pleasant 


and easier procedure of laryngeal swab for gastric lavage 


Armstrong (7) made a comparison between the two methods in 967 samples and formed 


the opinion that one swab was “a somewhat superior specimen” to one lavage and that 
three consecutive swabs were almost twice as valuable in yielding positive cultures as one 
lavage. In this last series, no great importance can be attached to the results since two 
entirely different media were used for the two types of specimen. Moreover, the incuba 
tion of the gastric specimens for twenty-four hours at 37°C., in the presence of an equal 
volume of 10 per cent trisodium phosphate prior to inoculation, would most certainly 


bias the series heavily in favor of the laryngeal swabs (10) 


Chaves, Peizer, and Widelock (8) compared the effectiveness of laryngeal swabs and 


gustric aspirates in 1,418 chest clinie patients. In their series, they employed different 
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techniques for processing the swabs and gastric specimens, immersing the former im 
mediately in trisodium phosphate and adding to the latter 4 per cent sodium hydroxide 
after an overnight interval in the refrigerator without neutralization. This treatment 
would, in the present writers’ opinion, have biased the results in favor of the swabs 
Nevertheless, Chaves and his associates found that two laryngeal swabs were only 72 per 
cent as effective as one gastric aspiration. In their recent paper, Lind and Lundin (9), 
after considering the various factors that may affect the reliability of the larvngeal swab 
method, conclude that it cannot replace either the use of gastric lavage or sputum. All 
investigators have been unanimous in concluding that the laryngeal swab is less unplea 
sant for the patient as well as quicker and easier for the staff 


During the past year, a comparative trial has been made of gastric lavage and 
laryngeal swab technique in 465 patients attending the Chest Clinic of the State 


Health Department as outpatients. In this trial a basic comparison of the two 


techniques was attempted so that as few variables as possible would be introduced 
in the processing and culture of the specimens Whenever possible, three gastric 
lavages and three laryngeal swabs were collected from each patient, one lavage 
and swab being collected on each of three days 

The patients included in this trial belonged to one of three groups: patients 
having newly diagnosed pulmonary tuberculosis discovered in many instances by 
Tass roentgenography and requiring bacteriologic Investigation; patients hay nig 
routine post-treatment bacteriologic examination; and patients with known 
tuberculosis who require bacteriologic proof of activity for pension purposes 
During the investigation there was an increasing proportion of patients belonging 
to the second group In all of these patients there was either no sputum or a 


sample insufficient for examination 


MATERIALS AND METHODS 


The patients arrived at the chest clinic, fasting, at 9 a.m. and, whenever possible, a 
laryngeal swab was carried out just prior to the gastric lavage. The gastric lavages were 
collected by one of five experienced nursing sisters; the laryngeal swabs were taken by one 


of the three physicians at the clinie; 9) per cent were taken by two of the physicians 


Laryngeal Swabs 


The laryngeal swabs were made from No. 14-gauge stainless steel wire eut in ten inch 
lengths with one end curved to form a handle. (Karly in this investigation, galvanized iron 
wire swabs were used but these were soon discarded in favor of stainless steel.) One end of 
the swab was roughened to ensure firm adherence of the cotton wool which covers ipprox 
imately 4m. of the wire. The swabs were placed in test tubes which were plugged and the 
whole was sterilized by autoclaving. Just prior to use at the clinic, the wire was bent with 
flamed pliers into an obtuse angle at a point 5 em. from the swab. Immediately before the 
swab was used, it was moistened with sterile water. The tongue was grasped with gauze 
and drawn forward and the swab inserted to the region of the larynx, the patient was in 
structed to cough, although this usually occurred involuntarily. On withdrawing the swab 
the angle of the wire was straightened with the flamed pliers and was then returned to the 
plugged tube 

While collecting these swabs, the physician wore a gown, a gauze mask of ordinary op 
erating theater type, and also a plastic visor. Similar protection was the regulation for the 


nursing staff while collecting the gastric specimens 
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Gastric Lavage 


The Ryle’s tube was passed either through the mouth or nose and the stomach contents 
were removed by suction with a 29 ec. syringe. If no fluid was available, the stomach was 
washed out with 20 to 50 ml. of sterile water. The specimen was collected into a dry sterile 
container. After use, the tubes were washed out thoroughly with water, boiled for ten 
minutes, and then hung up to drain and dry for use on the following day 

As soon as the specimens were collected, they were taken to the neighboring laboratory 
and the maximum time which elapsed between collection and processing in the laboratory 
was approximately one and one-half hours 

Laboratory procedure with laryngeal swab Upon receipt in the laboratory, approximately 
1.5 ml. of 2 per cent sodium hydroxide containing bromothymol blue as an indicator was 
added to the tube containing the swab. This amount was sufficient to cover the wool. The 
swab was first rapidly rotated between the fingers; then the tube containing the swab and 
fluid was shaken by hand for approximately thirty seconds. The swab was then pressed 
against the sides of the tube to remove as much of the fluid as possible before it was dis 
carded into 5 per cent ¢ resol. The fluid was then transferred to a wide mouthed Me ‘artney 
bottle and allowed to stand for thirty minutes. The fluid was then neutralized with 2.5 
N. hydrochloric acid, followed by centrifugation for seven minutes at 3,000 r p.m \ small 
amount of the supernatant was discarded. To the deposit was added approximately 0.1 ml 
of a penicillin solution containing 2,000 units per ml. (11); this solution was thoroughly 
mixed with the deposit by means of a Pasteur pipette and four slopes of Lowenstein-Jensen 
medium were inoculated from each specimen. The culture tubes lay flat for twenty-four 
hours to ensure even spread of the inoculum and they were then incubated at 37°C. in a 
vertical position. Cultures were read weekly for six weeks, at the end of which period they 
were discarded if there was no evidence of growth in any of the four tubes. Cultures were 
regarded as being positive if acid-fast bacilli were seen which had the colonial characteris 
ties of M. tuberculosis 

Laboratory procedure with gastric lavage: To the lavage specimens, on arrival at the lab 
oratory, was added an equal volume of 4 per cent sodium hydroxide containing the indi 
cator. The specimens were then transterred to wide-mouthed McCartney bottles and, after 
being packed firmly into a container, were subjected to violent agitation in a mechanical 
shaker for ten minutes. The specimens were then completely homogenized and were neu 
tralized and centrifuged; the supernatant fluid was decanted. Penicillin was added to the 
concentrate, and the method of inoculation, incubation, and examination was exactly the 
same as that used for laryngeal swabs. As before, four tubes of Lowenstein Jensen medium 


were inoculated with each specimen 
OBSERVATIONS 


Of 465 patients from whom both laryngeal swabs and gastric lavage specimens 
were obtained, it was found that 52 (11.2 per cent) had both laryngeal and gastric 
cultures positive for WM. tuberculosis, and in 333 (71.6 per cent) the cultures were 
negative by both methods. In 78 (16.8 per cent) gastric lavage cultures were 
positive and the laryngeal cultures negative, whereas in only 2 (0.4 per cent) 
were laryngeal swab cultures alone positive (table 1). 

It will thus be seen that, of this group of 132 patients found to be “positive” 
by either method, M. tuberculosis was found in 130 (98.5 per cent) by gastric 


lavage and in only 54 (40.8 per cent) by the laryngeal swab cultures. Thus, the 


gastric lavage would only have missed 2, or 1.5 per cent, of the “‘positive’”’ pa- 
tients, while the laryngeal swabs would have missed 78 or 59.2 per cent. 

It is interesting to note, in the case of the 2 patients who were found to have 
positive laryngeal swabs and negative gastric lavages, that in the laryngeal speci- 
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TABLE 1 


Anatysis or 465 Patients Examinep spy Gastric Lavace aNp LarYNGEAL Swaps 


Laryngea! Swab 


Tota 
Number Positive Number of 
for Tubercle Number Negative Patients 
Bacilli Per Cent 
Per Cent 
Crastric lavage Number positive for tubercle 52 (11.2 78 (16.8) 130 
bacilli per vent 
Number negative (per cent 4 0.4) 333 (71.6 $35 
Total patients | 15 
TABLE 2 
ANaLysis oF 1,305 Examinations Mape by Born Gastric LAVAGE AND LARYNGEAL SWAB 
Laryngea wal 
Number Positive Numbe 
for Tubercle Number Negative Examinat 
Bacill Per Cent 
Per Cent 
(aastric lavage Number positive for tubercle 93 (7.1 175 (13.4 
bacilli (per cent 
Number ne gative (per cent 6 (0.8) 70.0 1 O87 
Total examinations 1, 206 1, 305 


men from one patient, growth appeared in only one slope of the twelve inoculated 
from the swabs In the other Case, four slopes from one swab were positive lor 
tubercle bacilli, whereas the remaining eight slopes from the other two swabs 
showed no growth 

A total of 1,305 examinations were made by both laryngeal swab and gastric 
lavage; of these 7.1 per cent were positive for tubercle bacilli and 79 per cent were 
negative by both methods. In 13.4 per cent, gastric lavage cultures were positive 
and the laryngeal swab cultures negative. In only 0.5 per cent the reverse was 
the case (table 2 

In a group of 111 patients who were found to have cultures positive for VM 
tuberculosis by either gastric lavage or laryngeal swabs, a specimen of each type 
was collected on three consecutive days. The number of patients with all three 
gastric lavage specimens positive was 54, whereas in only 16 patients were all 
three laryngeal swabs positive. Two of the three gastric and laryngeal specimens 
were found positive in 26 and 10 patients, respectively. One of the three gastric 
and laryngeal specimens was found to be positive for tubercle bacilli in 29 and 
15 patients, respectively. In only 2 of the 111 patients were all three gastric 
lavage cultures negative, whereas in 70 patients all three laryngeal swab cultures 
were negative (table 3 


In this same group of 111 patients, a comparison was made between the rela 
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TABLE 3 
Compantison or Turner Gasraic Lavace ano Turee Lanynceat Cucrures 
or 111 Pattents Keown vo pe M. Tusereviosis 


Gastric Lavage Laryngeal Swab 
Number of patients with none of the three specimens 
positive 2 70 
Number of patients with one specimen only of three 
positive 2 15 
Number of patients with two specimens of three positive yi) 10 
Number of patients with all three specimens positive iA 16 
Total number of patients lil 11! 


TABLE 4 
Compantson or Tuner Lanynceat Swas Cuvrures with or Tourer Serarare 
Lavace oF Partents Known vo Be DiscHARGING 
M. 


Total number of patients 111 
Number of patients found 
Positive from first gastric lavage 72 
Positive from second gastric lavage 5 
Positive from third gastric lavage SS 
Number of patients found 
Positive from gastric lavages | + 2 WwW 
Positive from gastric lavages | + 3 " 
Positive from gastric lavages 2 + 3 104 
Number of patients found positive from all three gastric lavages together TLD 
Number of patients found positive from all three laryngeal swabs together i! 


tive efficiency of the three laryngeal swabs collectively and one or more of the 


2 pa- 


gastric lavage specimens in recovering VW. tuberculosis. It was found that 7 
tients were diagnosed by the first gastric lavage, 85 by the second, and 85 by the 
third. Thus, a mean of 81 patients were found to have cultures positive for M 
tuberculosis by the use of one gastric lavage specimen alone When two gastric 
specimens were considered together, a mean of 99 patients was found to have posi- 
tive cultures and when three gastric lavage specimens were considered, 109 of the 
111 patients were found to have cultures positive for VW. tuberculosis. The results 
obtained by using one single gastric lavage specimen stand in marked contrast 
to the use of three laryngeal swabs together; by the latter technique only 41 of 
the 111 patients were found positive. It can thus be stated that in this clinic one 
single gastric lavage specimen was almost twice as effective as three laryngeal 
swabs in obtaining cultures positive for M. tuberculosis (table 4). 

A comparison was made of the rate and density of growth of WM. tuberculosis in 
03 of the positive gastric lavage and laryngeal swab cultures. The 93 specimens 
of each type were collected from 51 patients, one lavage and swab being collected 


at each visit. The time of appearance of growth in weeks was noted; the results 
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TABLE 5 
Comparison or Rave or Growrn or M. Tusercvvosis 93 Gastric Lavage ano 
LARYNGEAL Swap Cuvrures* 
Time of Appearance of Growth in Weeks Total 


Number of 


Cultures 


Number of gastric lavage cultures $2 12 : 08 
Number of laryngeal swab cultures 7 5 f ag 


* A lavage and swab were collected from each patient at the same visit. The 03 speci 


mens were collected from 5l patients 


TABLE 6 
Comparison or THE Densiry or Growin oF M. in 03 Gasraic Lavage 
LARYNGEAL Swaps Cuvrunes* 
Number of Positive Slopes Total 


Number of 
Culture 


Number of gastric lavage cultures 
Number of laryngeal swab cultures 


* A lavage and swab were collected from each patient at the same visit. The 05 speci 


mens were collected from 51 patients 


TABLE 7 
Comparison or Contamination Rate or Gastraic Lavage anp LARYNGEAL Swap 
Currures ror M. 


Number of Number of Slopes Number of Slopes Per Cent 
Specimens Inoculated Contaminated Contaminatvor 


Gastric lavage 1,347 38S 125 
Laryngeal swab 1,311 5,244 16 


are recorded in table 5. It will be seen that growth occurred more rapidly in the 
gastric lavage cultures than in those from the laryngeal swabs. It was also found 
that the growth was considerably more dense in the gastric lavage cultures. This 
was evidenced by the number of slopes (of the four moculated from each speci 


men) on which growth appeared (table 6). In the 93 gastric lavage cultures, 
growth occurred on S41, or 92 per cent, of the 372 slopes inoculated; whereas in 
the laryngeal swab cultures, growth occurred on only 275, or 74 per cent, of the 
372 slopes inoculated 

The contamination rate of the gastric lavage cultures was found to be much 


higher than that of the laryngeal swab cultures. In a series of 1,347 gastric lavage 


and 1,311 laryngeal swab cultures, the percentage of contaminated slopes was 


7.9 and O.31, respectively. Only 20, or 1.5 per cent, of the gastric lavage speci 
mens, however, were contaminated in all four slopes (table 7) 
Early in this study galvanized iron was used for the laryngeal swabs and it was 


decided to see if there was any significant difference in the results obtained with 
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TABLE & 


ComMPpARISON oF THE Use or STaINLess Sree. GaLvanizepv IRON FoR 
LARYNGEAL Swaps 


Laryngeal Swab Gastric Lavage 
Galvanized iron swabs Number of specimens 10s 131 
Number of specimens positive for 2 125 
tubercle bacilli 
Per cent positive 10.3 2 
Stainless steel swabs Number of specimens 903 916 
Number of specimens positive for 57 155 
tubercle baeilli 
Per cent positive 6.4 16.9 


those swabs and the stainless steel swabs which were subsequently used. The 
galvanized iron swabs were discarded because they became corroded and un- 
sightly after repeated use. The results of this comparison may be seen in table 8. 
It will be noted that there is a comparable decline in the percentage of positive 
specimens in both gastric lavage and laryngeal swab cultures from the period 
when galvanized iron swabs were used to that when the change was made to 
stainless steel swabs. This comparable decline in the number of positive specimens 
was due to dilution of the sample, more patients having routine post-treatment 
checks. From the results of the study, it can be seen that there is no significant 
difference in the results obtained with galvanized iron and stainless steel laryngeal 
swabs 

When this trial commenced, 4 per cent sodium hydroxide was added to both 
the laryngeal swab and gastric lavage specimens during the processing prior to 
inoculation. It was later realized that, instead of treating the specimens in an 
identical manner, as was planned, the laryngeal swabs were being exposed to 4 pet 
cent sodium hydroxide and the gastric specimens to 2 per cent sodium hydroxide 
by virtue of the fact that the sodium hydroxide was added to an equal volume of 
gastric fluid. It was thus decided to add 2 per cent sodium hydroxide to the laryn 
geal swabs and 4 per cent sodium hydroxide to the gastric lavage to ensure com 
parable treatment during the processing 

Since the treatment of the gastric lavages had remained the same throughout 
the study, a comparison was made of the results obtained during the periods in 
which 4 per cent and 2 per cent sodium hydroxide were used in the processing of 
the laryngeal swabs. The results may be seen in table 9. It will be noted that the 
25 per cent decline in the number of cultures positive for tubercle bacilli obtained 
during the two periods is not observed in the laryngeal swabs. Thus, it is fair to 
assume that the 4 per cent sodium hydroxide had a deleterious effect on the 
laryngeal swab cultures. If the laryngeal swab cultures had behaved in a com- 
parable manner one would have expected 10.1 per cent of positive specimens 
during the earlier period. Thus, in a total of 819 specimens, one would have ex- 
pected an additional 21 positive laryngeal swabs in the earlier period when 4 
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TABLE 9 


ComMPARISON oF 4 Per Cent AND 2 Per Centr Sopium Hyproxipe Processina 
LARYNGEAL Swaps Prior to Cuttrure ror M. Tupercu.osts 


Laryngeal Gastri 
Swab Lavage 
With 4 per cent sodium hydroxide | Number of specimens S19 S67 
for both gastric lavage and la Number of specimens positive 62 14 
ryngeal swabs for tubercle bacilli 
Per cent positive 7.6 22.9 
With 2 per cent sodium hydroxide | Number of specimens 192 528 
for laryngeal swab and 4 percent | Number of specimens positive 37 St 
sodium hydroxide for gastric for tubercle bacilli 
lavage Per cent positive 7.6 17.2 


per cent sodium hydroxide was used. This would be an increase of 1.6 per cent 
in the grand total of the positive laryngeal specimens, i.e., 120/1,311, or 9.2 per 
cent, instead of 99/1,305, or 7.6 per cent, as is shown in table 2. Whereas this is 
an important point in technique, it does not alter in any way the over-all conclu- 
sions as to the efficiency of the laryngeal swab and gastric lavage as diagnostic 


procedures when comparable techniques are used 


DISCUSSION 


In studying the relative efficiency of laryngeal swabs and gastric lavage in the 
detection of M. tuberculosis, it is possible to compare them, using what is con- 
sidered to be the most effective method of processing and culture for the two dif 
ferent specimens, as was done by Chaves and co-workers (8) and by Armstrong 

7). On the other hand, one can carry out a basic comparison, eliminating, as far 
as possible, variations in laboratory procedure, a method which has been tried in 
the present study. 

If the former type of comparison is made, it is often difficult to decide to what 
extent the results are affected by the various techniques to which the specimens 
are subjected 

The methods used for handling laryngeal swabs in the laboratory are many and 
varied. The criticism has been raised that the present results might have been 
improved had the swabs themselves been streaked onto media in addition to the 
inoculation of the centrifuged deposit after vigorous agitation of the swab in the 
alkali. Chaves and associates, in their study, made use of both methods of cul 
ture but gave no indication whether this additional step materially improved 
their vield of positive cultures 

Laryngeal swabs are quicker and easier to collect from patients than gastric 
lavage. Some patients (less than one per cent) refuse gastric lavage, but accept 
laryngeal swabs as the lesser of two evils. There is probably more risk to personne! 
attached to the collection of laryngeal swabs, as the patient may unavoidably 


cough directly in the operator’s face. In collecting a gastric lavage, the operator 
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can stand to one side or even behind the patient. Adequate protection is essential 
for the operator in both procedures. 

It is possible that under special circumstances laryngeal swabs may have a 
place in an ambulatory treatment program, but it does not seem justified to use 
the procedure routinely in place of gastric lavage. In the writers’ experience, a 
single gastric lavage was almost twice as effective as three laryngeal swabs in 
obtaining cultures positive for M. tuberculosis. In addition, the density of growth 
was consistently less and the rate of growth slower in cultures from laryngeal 
swabs. The contamination rate was much higher in gastric lavage cultures, but 
this could be reduced greatly by adequate processing and the addition of penicillin 


to the inoculum. 


SUMMARY 


A comparative study is presented of the efficiency of the laryngeal swab and 
gastric lavage in obtaining cultures of M. tuberculosis in patients without sputum. 
The study involves 1,305 examinations by each method on a total of 465 patients. 

The present writers have found a single gastric lavage to be almost twice as 
effective as three laryngeal swabs in obtaining cultures positive for M. 
tuberculosis 

The rate of growth is slower and the density of growth is less in cultures from 
laryngeal swabs. The contamination rate is considerably higher in gastric lavage 
cultures. No significant difference was found in the results obtained when galvan- 
ized iron and stainless steel laryngeal swabs were used 

The use of 4 per cent sodium hydroxide in processing laryngeal swabs was found 
to have a deleterious effect on the growth of MW. tuberculosis, and it is recom- 
mended that 2 per cent sodium hydroxide be used. For gastric lavage cultures, 


processing with 4 per cent sodium hydroxide was found to be completely 


satisfactory 


SUMARIO 


Keatudio (‘om parative de loa Frotes Laringeos y del Lavado Gdatrico en el Deacubrimiento de 


Bac tlos Tube roulosos 


Preséntase un estudio comparativo del frote laringeo y del lavado gaéstrico en la obten 
cién de cultivos positivos para el M. tuberculosia en enfermos sin esputo El estudio com 
prende 1,305 exAmenes con cada método en un total de 465 enfermos. Suministranse detalles 
téenicos 

Los AA. descubrieron que un solo lavado g&strico es casi dos veces mds eficaz que tres 
frotes laringeos para obtener cultivos positivos para el VW. tuberculosis. Preséntanse por 
menores de los resultados 

La velocidad del desarrollo es menor y la densidad de las colonias también en cultivos 
procedentes de frotes laringeos. El indice de eontaminacién es considerablemente mayor en 
los cultivos del lavado gdstrico. No se hoté mayor diferencia en los resultados obtenidos 
usando ya hierro galv inizado o acero incorrosible para los frotes laringeos 

kl uso de 4 por ctento de hidréxido de sodio en la preparacion de los frotes laringeos 
resulté ejercer efecto nocivo sobre la proliferacién del M. tuberculosis, y se recomienda el 
uso de 2 por ciento del hidréxido. Para los cultivos de lavados gdstricos la preparacién 


econ 4 por ciento de hidréxido de sodio se mostré absolutamente satisfactoria 
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RESUME 


Etude comparative des prélévements laryngés et des liquides de tubage gastrique dans la 


détection des bacilles tuberculeur 


Présentation d’une étude comparative de la valeur des prélévements laryngés et des 
liquides de tubage gastrique pour obtenir des cultures positives pour le bacille tuberculeux 
chez les malades sans expectoration. L’étude comporte 1.305 examens pour chaque méthode 
et un nombre total de 465 patients Les détails techniques sont fournis 

Ces auteurs ont observé qu'un seul tubage gastrique était presque deux fois plus efficace 
pour obtenir des colonies de BK. que trois prélévements laryngés. Les détails des résultats 
sont fournis 

La vitesse de la croissance est plus réduite et la densité des colonies est plus faible dans 
les cultures obtenues A partir des prélévements laryngés. La vitesse de contamination est 
considérablement plus élevée avec les cultures provenant des tubages gastriques. Aucune 
différence appréciable n'a été notée lorsque les prélévements étaient effectués A l'aide 
d’instruments en acier inoxydable ou en fer galvanisé 

Il a été observé que Vemploi de soude caustique A 4% dans la préparation des préléve 
ments larvngés produisait un effet nocif sur la croissance du M. tuberculosis et usage de 
soude caustique A 2% est recommandé. Pour les cultures du liquide de tubage gastrique 


la soude caustique A 4% ‘est montrée tout A fait satisfaisante 
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Case Reports 


TUBERCULOUS MENINGITIS DEVELOPING IN THE COURSE 
OF ISONIAZID THERAPY'* 


EDITH M. LINCOLN and GEORGE IL. LYTHCOTT® 


(Received for publication March 5, 1956) 
It is the purpose of this report to describe the unusual clinical course in a case of tu- 
berculous meningitis which developed in a child who was being treated with a low dosage 
of isoniazid 


CASE REPORT 


M. C., a 3'4-year-old female child of Puerto Rican extraction, was admitted to the 
hospital shortly after midnight on October 25, 1955. She had been well until six days prior 
to admission when she began to run a low-grade 'emperature and become anorexic. Three 
days prior to admission the patient began to complain of headache, the fever persisted, and 
she became more irritable. When there was no improvement in symptomatology and when 
the patient also began to vomit, she was brought to the pediatric admitting ward. 

The child's past history and family history were described as unrevealing. The mother 
also denied any history of exposure of the child to tuberculosis or other contagious disease. 

On admission, the patient was an acutely ill, moderately dehydrated, markedly irritable 
child who lapsed into relatively sound sleep for short periods of time, but who was easily 
aroused to irritability. The temperature was 102.4 F., pulse 80 per minute, respiration 28 
per minute, and blood pressure was 124 systolic and 70 diastolic in mm. of mercury. There 
was definite nuchal rigidity, and the Brudzinski and Kernig signs were positive. Physical 
examination, except for moderate dehydration and a mucopurulent nasal discharge, was 
otherwise negative. The cerebrospinal fluid on admission was at an initial pressure of 250 
mm. and contained 220 leukocytes per cu. mm. with 60 per cent lymphocytes; a sugar con- 
centration of 38 mg. per 100 ml; and protein, 141 mg. per 100 ml. The erythrocyte count was 
4.2 million; the hemoglobin, 10 gm.; and the leukocyte count, 20,400 with 89 per cent poly- 
morphonuclears and 11 per cent lymphocytes. Therapy (penicillin, sulfonamide, chloram 
phenicol) for a bacterial meningitis of unknown etiology was instituted and parenteral 
fluids were given 

Later during the morning following admission, the patient was well hydrated but the 
general condition was substantially unchanged, except that one observer noted a transitory, 
rather coarse tremor which involved the right arm and forearm. Lumbar puncture at this 
time revealed 250 leukocytes per cu. mm. with 60 per cent lymphocytes; a sugar concentra 
tion of 63 mg. per 100 ml.; and protein, 120 mg. per 100 ml! 

On the morning of the second hospital day, a tuberculin test (0.1 mg. OT) made on ad 
mission was found to be positive, and chest roentgenograms showed a calcific deusity in the 
left paratracheal area. Lumbar puncture was repeated, showing an initial pressure of 280; 
leukocytes 250 per cu. mm. with 90 per cent lymphocytes; sugar concentration of 27 mg 
per 100 ml.; and protein, 113 mg. per 100 ml. The broad-spectrum antibiotics were discon 
tinued, and treatment with isoniazid, streptomycin, and Promizole® was instituted 


' From the Chest Clinie of the Children’s Medical Service, Bellevue Hoepital, and the 
Department of Pediatrics, New York University College of Medicine, New York, New 
York 

* This study was supported, in part, by a grant from the Committee on Medical Research 
of the American Trudeau Society, medical section of the National Tuberculosis Association 

* Fellow of the medical section of the National Tuberculosis Association 
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The mother continued to deny any history of tuberculosis in the family. However, further 
history was obtained from an interested Department of Health physician who made a 
follow-up visit to the child in the hospital and gave the following relevant information 
The patient's father had been diagnosed as having active pulmonary tuberculosis in Novem 
ber, 1953, at which time he was sent to a hospital and treated with isoniazid. In May, 1054 
the father left the hospital against advice and returned home, still on therapy. The entire 
family was thereafter followed by a district chest clinic. Chest roentgenograms of the 
patient on May 28, 1954, showed a widened left root and calcification in the left paratracheal 
region. A tuberculin test (patch) done at this time was reported as negative The patient 
was seen regularly at the clinic and approximately moathly roentgenograms were obtained 
which showed no change. The patient was described as happy healthy, and active during 
this period. During the month of December, 1954, however, the patient had several febrile 
episodes, not a'ways associated with detectable evidence of infection. A tuberculin test 
(OT) made on January 3, 1955, was positive. Because the child was not doing well generally 
and because of the constant exposure to the father and the positive tuberculin test, it was 
decided to begin antituberculous therapy. Accordingly, on February 10, 1955, isoniazid 
therapy was begun, 0) mg. daily (4 mg. per kg 

When confronted with this information concerning therapy , the mother denied ever hav 
ing been given medication at the chest clinic. Later, however, she admitted that she had 
given the patient the preseribed medication “as regularly as she could.’’ The elinie stated 
that the mother returned regularly for medication between February 10, 1955, and the time 
of the child’s admission. In addition, home visits were made by the Publie Health nurse who 
checked frequently on the administration of the isoniazid. The mother was carefully in 
structed how to administer the drug, and the present writers are under the impression that 
it was properly administered. No increase in the dosage of isoniazid was prescribed during 
the eight-month period prior to hospital admission, as shown in table | 

After the diagnosis of meningitis was established, the patient was treated with isoniazid, 
20 mg. per kg.; streptomycin, 1.0 gm. daily, for seven weeks, then 1.0 gm. twice weekly 
thereafter: and Promizole” in quantity to maintain a blood concentration of | to 3 mg. per 
100 ml 

Cultures of cerebrospinal fluid on October 25, October 27, and October 31, 1955, were 
positive for tubercle bacilli. The organisms in these cultures were subsequently found to be 
completely susceptible to isoniazid 

As shown in figure 1, the patient’s temperature did not fall to a consistent normal level 
for eleven weeks. On regular examinations of the cerebrospinal fluid, more than 100 lympho 
cytes per cm. of fluid were found until the end of the thirteenth hospital week, and 30 
lymphocytes were found at the end of the seventeenth week. The sugar content of the 
cerebrospinal fluid reached normal during the fifth hospital week and the protein had fallen 
to 100 mg. per 100 ml. by the end of seventeen weeks 

At the present time (February 20, 1956), in the eighteenth week of her illness, the pa 
tient’s general condition is excellent, the weight gain has been steady, and she is alert and 
intelligent, and has no neurologic sequelae 


TABLE 1 
Dosace or Isontazip rer Ka. or Bopy Weiout Prior To Meninoitis 


| 
Date Weight | Dosage of Isoniazid | 
ae daly 
2-10-55 12.4 w me 10 
6-1-55 14.0 wm 3.5 
&-3-55 13.8 me +6 


10-1-4 14.0 me 3.5 
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MC AGE 3V2 YEARS ADMITTED OCTOBER 25, 1955 
EEKS 0, 12,13,4,15,6,17, 


TEMPERATURE 
(FAHRENHEIT) 


BES 


PROTEIN 
(MGM/ 


CEREBROSPINAL 


SUGAR 


(MGM 100 ce) 


Fic, 1. Chart of patient, 3'y years old, who was admitted to the hospital on October 
25, 1058 
COMMENT 
The most unusual feature of response in this case is the persistence of cellular elements 
in the cerebrospinal fluid. It is interesting to speculate whether the unusual response of 
the cerebrospinal fluid is in any way related to the therapy with isoniazid 
It is known that a few tuberculous children have developed meningitis after a short 
course of isoniazid therapy was discontinued. Whether there were comparable treatment 
free intervals in the present case obviously cannot be unequivocally established. On the 
basis of the testimony available, however, the isoniazid therapy was presumably con 
tinuous 
SUMMARY 


A case of proved tuberculous meningitis is presented which developed in a 3'9-vear 
old girl with known primary tuberculosis after eight months of isoniazid therapy, ranging 
from 4.0 mg. per kg. to 3.5 mg. per kg. The child’s mother had had the responsibility for 
administering the isoniazid under direction of a clinic and the available testimony is to 
the effect that drug administration was faithfully pursued. The child has had a good but 
slow response to therapy, with persistence of lymphocytic cells in the cerebrospinal fluid 


for seventeen weeks after the institution of therapy 
SUMARIO 


Meningitis Tuberculosa A parecida Durante la Isoniacidoterapia 


Preséntase un caso de meningitis tuberculosa comprobada que aparecié en una nifiita 


de tres afios y medio de edad con tuberculosis primaria conocida, después de ocho meses 
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de isoniacidoterapia que varié de 4.0 a 3.5 mg. por kg. de peso. A la madre de la nifa le 
habia incumbido la responsabilidad de administrar la isoniacida bajo la direccién de una 
clinica y el testimonio disponible es al efecto de que la administracién de la droga se levé 
a cabo concienzudamente. La pequefia ha mostrado una respuesta buena, pero lenta, a la 
terapéutica, con persistencia de linfocitos en el liquido céfalorraquideo durante diecisiete 


semanas después de iniciarse el tratamiento 


RESUME 
Méningite tuberculeuse survenue au cours de l'isoniazidethérapic 


Description d'un cas de méningite tuberculeuse confirmée qui s'est manifesté chez une 
enfant de trois ans et demi atteinte de tuberculose pulmonaire apparente et traitée depuis 
huit mois par l’isoniazide avec des doses variant entre 4 mg/kg et 3,5 mg/kg. L’administra 
tion de l’isoniazide avait été confiée A la mére de l'enfant sous la surveillance de la clinique 
Selon les déclarations faites, |’administration de la drogue a été fidélement exécutée. L’'en 
fant a répondu favorablement, mais lentement au traitement. Les lymphocytes ont persisté 
dans le liquide céphalo-rachidien pendant dix-sept semaines aprés |'institution de la 


thérapie. 
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HEALING OF THE OPEN CAVITY IN PULMONARY TUBERCULOSIS 
UNDER CHEMOTHERAPY ' 


WILLIAM F. RUSSELL, JR., SIDNEY H. DRESSLER, GARDNER 
MIDDLEBROOK, ann JOHN DENST 


Received for publication September 13, 1955) 


Open healing of tuberculous cavities, until recently, was so rare that its occurrence 
was actually doubted (1). Gross and microscopic changes in the open cavity which may 
be interpreted as complete healing have been reported with increasing frequency in 
patients treated with antimicrobial agents, particularly with isoniazid (2-8). The purpose 
of this report is to present observations in 3 cases in which open healing of cavities oc 
curred, The cavities in 2 of these cases had been shrinking, when suddenly they became 
large and cystic simultaneously with, or shortly after, the disappearance of tubercle 
bacilli from the sputum. Pulmonary resections were performed because the cavities 
remained open and the tuberculous process, therefore, was presumed to be “active” 
(9). Both surgical specimens revealed open, air-filled cysts in which no evidence of active 


tuberculous inflammation was detected. The third case was a patient under treatment 
with isoniazid alone, after long-term treatment with streptomycin and para-aminosali 
eyelic acid (PAS), who died of acute coronary arterial thrombosis. Both an open healed 


and an open active tuberculous cavity were found in this patient 


Case Reports 


Case 1. A 27-year-old white female (N.J.H. #10971) was believed to have bilateral, far 
advanced, pulmonary tuberculosis in April, 1949, on the basis of roentgenographic findings 
(figure 1) and tubercle bacilli in the sputum. She was hospitalized and treated with bed 
rest, pneumoperitoneum, and a left phrenic crush. The patient was admitted to this hospital 
on November 24, 1951, where she received streptomycin (1.0 gm. every third day) and 
PAS (12 gm. daily) for four months. Pneumoperitoneum was abandoned. Sputum and 
gastric washings remained consistently negative for tubercle bacilli on microscopy and 
culture. The patient was discharged on September 11, 1952, with inactive, pulmonary 
tuberculosis. In May, 1953, a reactivation of the process was detected by roentgenography, 
and the patient was readmitted to the hospital (figure 2). Physical examination was not 
remarkable except for the presence of rhonchi and wheezing over the left upper chest. The 
sputum was positive for tubercle bacilli on microscopy and culture, the organisms being 
susceptible to streptomycin concentrations of 10 » per ml. and to isoniazid concentrations 
of 1.0 y per ml. Treatment with streptomycin (1.0 gm. every third day) and isoniazid (8 mg 
per kg per day) was started on May 30, 1953. A severe allergic reaction to streptomycin 
developed after two weeks; thereafter, isoniazid was continued alone. The sputum became 
noninfectious in July, 1953, and remained noninfectious as determined by microscopy and 
culture 

In October, 1953, the cavity was shown to have a tension mechanism. Coughing during 
fluoroscopy caused the cavity to increase in size, and this increase was maintained for a 
short time (figure 3). At thoracotomy on October 7, 1953, a thin-walled cyst was visualized 
It inflated and slowly deflated as the anesthesiologist inflated and deflated the lung. The 
surgeon removed the cavity by blunt dissection because no other lesions were felt 

Surgical specimen: The specimen consisted of the posterior segment of the left upper 


lobe. It weighed 22 gm. and consisted almost entirely of a eyst which measured 5 em. in 


' From the National Jewish Hospital at Denver; Colorado General Hospital; and the 
University of Colorado School of Medicine, Denver, Colorado 
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“The at 
Fig. 4. Case |. The cavity wall, showing complete fibrosis with a few mononuclear cells 


adhering to the lining and a few lymphocytes infiltrating the pericavitary fibrous tissue. 
(X 175) 


Fic. 5. Case 1. The wall of the eavity at the top is thin and fibrous. A subjacent artery 
shows old thrombosis and organization. (< 100) 


diameter and had a wall of less than | mm. thick. The tumen was completely empty. The 
lining was dry, smooth, glistening, blue-gray, and unbroken by any observable bronchial 
communication or pore. Only traces of soft, dark red parenchyma were present on the 
outer surface. The segmental bronchus divided into two patent, soft, leathery branches 


These bronchi were stripped clean of parenchyma for a long distance. As they approached 


the cavity tangentially, they became extremely small and disappeared 

Microscopically, many sections of the wall of the cavity (figures 4, 5) showed a rather 
uniformly thin, membranous sheet of dense fibrous connective tissue with evenly distributed 
fibroeytic nuclei, No caseous material was present, and only occasional isolated mononuclear 
cells adhered to the lining. No bronchial communications were observed. The outer margin 
of the wall blended with a zone of loose, fibrous connective tissue. The adjacent arteries of 
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22, 1952, showing several cavities in 


Fia. 6. Case 2 Roent genogram obtained on March 
the left upper lung field, extensive nodular and confluent densities in the left upper lobe, 


and nodular densities in the right lung prior to any treatment 


all sizes showed fibrocellular intimal proliferation. The mucosa of the larger bronchi showed 
which was 


slight diffuse fibrosis. A few minute patchy sears and a single cellular tuberele 
partially replaced by collagen, were present in the parenchyma. Smear and cultures of the 


wall of the cavity were negative for tubercle bacilli 


Case 2. A 25-vear-old white female (C_G.H. #58270) developed severe constitutional symp 
toms in November, 1951. The diagnosis of tuberculosis was established roentgenographi 
cally (figure 6) and by the presence of tubercle bacilli in the sputum. The patient was hos 
pitalized and treated with dihydrostreptomyein (2.0 gm. every third day) and PAS (10 gm 
daily). Beeause she had not improved, isoniazid was added to the regimen in October, 1952 
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Fic. 7. Case 2. Roentgenogram obtained on October 2, 1953, showing the large, cystic 
cavity in the left apex and the great amount of clearing of the other lesions in both lungs. 
Although the left diaphragm is elevated more than the right by the pneumoperitoneum, 
no phrenic crush has been done 


and pneumoperitoneum was initiated in January, 1953. Because of the persistence of a 
cavity (figure 7), the patient was admitted to this hospital for surgery. Physical examination 
at this time was not remarkuble except for egophony and occasional fine rales over the 
left apex. Gastric lavages were negative for tubercle bacilli on microscopy and culture. 
A thoracotomy was performed on October 27, 1953. The left upper lobe was partially atelec- 
tatic and encased in fibrous adhesions. A distended cystic cavity occupied the apical and 
posterior segments. An upper lobectomy was then performed 

Surgical specimen: The lobe measured 12.5 by 8 by 4.5 em. and weighed 103 gm. The 
pleura was covered with adhesions. The bronchi were grossly normal. The posterior half of 
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the lobe was distended by a spherical, air-filled, thin-walled cavity measuring 6.5 em. in 
diameter. The lining was smooth and gray and devoid of caseous material and fluid, No 
bronchial connections or trabeculae were present. The principal posterior and apical seg 


mental bronchi were probed freely, and they coursed tangentially to the margin of the 
cavity; no direct communications with the cavity space were detected. The parenchyma 
was soft, red, and showed little or no scarring. However, in the center of the anterior seg 
ment, at some distance from the cavity, there was a scattering of chalky or caseous encapsu 
lated gray nodules which averaged 2 or 3 mm. in diameter 

Microscopically, the wall of the cavity consisted of a sheet of collagenous connective 
tissue with a few compressed fibrocytic nuclei dispersed throughout (figure 8). A single 
obstructed small bronchus communicated with the cavity (figure 9). Stratified squamous 
epithelium extended from the fibrotic bronchial mucosa to line a very small area of the wall 


Fia. 8. Case 2. The wall of the cavity is composed of laminated hyalinized collagen. The 
peripheral layer of loose tibrous tissue shows hemorrhage due to surgical trauma. (x 100) 


Fic. 9. Case 2. The severely obstructed small bronchus penetrates the thick fibrotic wall 
of the cavity. Metaplastic stratified squamous epithelium is displaced from the inner 
surface of the wall. (x 40) 
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of the eavity. Most of the neighboring bronchi showed moderate, diffuse mucosal fibrosis 
but no active inflammation. A prominent zone of loose fibrous connective tissue separated 
the wall of the eavity from diseretely outlined adjacent pulmonary lobules. The anterior 
segmental nodules were caseous, showing both granular calcification and areas of liquefac 
tion with rather large numbers of multinucleated giant cells. No acid-fast bacilli were 
observed in sections of these nodules which were stained by the Ziehl-Nielsen technique; 
cultures of the cavity were negative 


In these 2 cases the surgeon thought that the lesions were simple lung cysts; therefore, 
the clinical diagnosis of tuberculosis was reviewed (10, 11). The unequivocal bacterio 
logic and roentgenographie proof which was obtained during the course of the disease, 
fortified by the histologic evidence of tuberculosis in the surgical specimens, made the 
diagnosis unquestionable. The cavities in both cases were large cystic structures which 
possessed thin, dry membranous walls resembling serosa. The walls of the cavity were 
separated from the parenchyma by a zone of more delicate loose fibrous connective tissue 
The surgeon had noted in the first case that he could separate the cavity from the lung 
along a sharp plane of cleavage; the same probably would have been possible in the 
second case, if this had been attempted. Microscopically, the walls were composed of 
poorly nucleated fibrous connective tissue devoid of tuberculous granulation tissue and 
caseous material 

Although the segmental bronchi were carefully traced to their extremities, where 
they coursed tangentially to the wall of the cavity, no communications were found ex 
cept for a single minute branch in the second case. It should be emphasized that the 
anesthesiologist had demonstrated that the cavity in the first patient could be further 
inflated at the time of surgery; it must be assumed, therefore, that minute but signifi 
cant bronchial communications were present 


Case 3: A 39-year-old white female (N.J.H. #10970) had left-sided pleurisy with effusion 
fourteen years prior to this hospitalization. Two years later the pleurisy recurred; its 
etiology was not determined. Shortly thereafter, a “‘butterfly”’ rash on the face, anemia, 
and asthenia led to a diagnosis of lupus erythematosus disseminata. In the spring of 1951, 
routine physical examination established the diagnosis of bilateral, far advanced, active 
pulmonary tuberculosis. She was admitted to this hospital on November 17, 1951. Physical 
examination was noteworthy in that there was palpable enlargement of both liver and 
spleen and there was no visible rash on the face. Dullness to percussion was found over the 
left chest, with increased tactile and vocal fremitus in this same area. There were many 
coarse and fine rales over the left chest posteriorly. The sputum was positive for tubercle 
bacilli on microscopy and culture. Treatment was started with streptomycin and PAS on 
November 18, 1951, and was continued until February, 1952. She was then treated with 
isoniazid alone for the next twenty-one months. During this time the sputum remained 
highly positive for tubercle bacilli on microscopy and culture. In the fall of 1953 there 
appeared to be a reactivation of the disseminated lupus. Accordingly, on October 20, 1953, 
cortisone therapy was instituted. The patient appeared to improve, but thirteen days later 
she suffered an acute coronary arterial thrombosis and died 

Lungs: A snioothly lined cavity which measured 25 by 20 by 10 mm. was present in the 
apical segment of the left lower lobe. A small amount of caseous tissue adhered to the wall 
The communicating bronchus was almost completely obstructed in the wall of this cavity 
Similarly, a second cavity was present in the posterior segment of the right upper lobe 
This was an empty, cystlike cavity, lined by a thin, shiny gray membrane, and measured 
Il by 10 by 5 mm. The communicating bronchus was obliterated, appearing as a white 
fibrous cord 

Microscopically, the cavity in the apical segment of the left lower lobe showed typical 
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active tuberculous inflammation with caseous material in the lumen, massively infiltrated 
with polymorphonuclear leukocytes 

The cystic cavity in the right upper lobe had a discrete fibrous wall (figures 10-12). A 
minute remnant of solid caseous tissue was firmly lodged at one end. This caseous tissue 
was partly converted into pale granular and lacy, fibrin-like precipitate that was com 
pressed against the inner surface of the wall. Much of this precipitate was incorporated 
into the wall of the cavity, where it was partly organized and overgrown with fibroblasts 
and collagen fibers. The cavitary wall itself was composed of sear tissue devoid of recog 
nizable tuberculous features. Tubercle bacilli were not present in tissue sections from this 
cavity but several bacilli were observed in the caseous tissue of a nearby nodule 


This case is significant because it re-emphasizes the importance of local factors in 
determining the response of cavities to chemotherapeutic attack. Not only were the 
bronchial communications of the healed cavity so small as to escape detection on gross 
and microscopic examination, but no tubercle bacilli were found in this cavity. On the 
other hand, acid-fast bacilli were present in the other “active” cavity and in solid caseous 


Fia. 10. Case 3. A parasagittal section of a cavity which grossly appeared healed, A 
remnant of caseous material at the left is bordered by pale softened necrotic tissue which is 


compressed against the wall and is incorporated within it at the bottom. (x 8) 


Fie. 11. Case 3. Higher power view of figure 10 showing the lacy fibrin like softened 
caseous tissue partially “absorbed” into the wall of the cavity. (x 40 
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FiG. 12. Case 3. Softened caseous necrotic tissue is present within the wall. The inner 
surface is overgrown with fibroblastic connective tissue to which occasional mononuclear 


cells cling, and the deeper part of the wall is densely fibrous 


nodules in other parts of the lungs. Undoubtedly, the open cavity still containing caseous 
material and tubercle bacilli was the source of the organisms which were persistently 
excreted in the sputum as catalase-negative, isoniazid-resistant mutants 

The presence of altered caseous material within the fibrous wall of the healed cavity 
demonstrates histologically a method by which caseous necrotic debris can be removed 
from the cavity lumen, alternate to the obvious evacuation of such material through 


draining bronchi 


DISCUSSION 


Cavities may heal in any one of three ways. Pagel and associates (12) listed these as: 
conversion of the space into a caseous nodule; formation of a radiating scar containing 
no demonstrable necrotic residue; and, least commonly, healing of the wall of the cavity 
with persistence of the space. The state of the communicating bronchus during the heal- 
ing process in all likelihood determines the fate of the cavity. Before the advent of 
isoniazid, Berblinger (13) collected five cases of healed open cavities from the literature 
and added seven of his own. He also stated that the histologic picture was the same 
whether healing occurred spontaneously or under the influence of antimicrobials 

There is good reason to believe that the caseous content of the cavity may be entirely 
evacuated through the draining bronchus (or bronchi) in open cavity healing. On the 
other hand, Pagel and associates (12) discussed another factor which may also be impor- 
tant in reference to cavity healing. They stated that, ‘Theoretically, liquefied material 
should be capable of being absorbed.” To the knowledge of the present writers, absorp 
tion has not previously been recognized histologically. In the third case, which was that 
of a woman who died of coronary thrombosis, one cavity was found which revealed 
unique alterations which it is believed justify the interpretation of “absorption.” Whether 
this process should be termed absorption or not is relatively unimportant. Some altered 
caseous material obviously had been removed from the cavity, not through the bronchus, 
but directly (although incompletely) through the wall 

The development of a tension mechanism may contribute to the healing process. In 
Cases 1 and 2, the bronchi probably were patent at the time therapy was instituted 


Rather quickly, however, they became stenotic, and a tension mechanism appeared. A 
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study of similar clinical cases, in which the pulmonary cystic structures were studied 
with manometric methods (2), showed that some were not true tension cavities, while 
others were. The development of tension does not seem to be indispensable for healing, 
but its presence may be helpful by virtue of ballooning of the cavity which may eliminate 
small crypts and recesses in which caseous material and tubercle bacilli might otherwise 
persist. Collapse and disappearance of the cavity should follow when the bronchial con- 
nections finally become completely occluded and the gas absorbed 

The sequence of events in the 3 patients deseribed in the present report followed a 
definite pattern. They had received treatment with streptomyein-PAS prior to the em 
ployment of isoniazid. No drug-resistant mutants were found in the sputum of the first 
2 patients at any time. In the third ease, the bacilli excreted in the sputum were drug 
susceptible at the time of initiation of isoniazid therapy. Isoniazid-resistant mutants 
subsequently appeared and persisted in this patient. These mutants derived in all likeli- 
hood from the one cavity which was still bacteriologically positive at necropsy 

The changes in the clinical picture which culminated in open cavity healing in these 
3 patients cannot be directly attributed to treatment with streptomycin PAS because 
the sputum was still highly positive for tubercle bacilli at the time isoniazid therapy was 
initiated. Shortly after the start of isoniazid-streptomycin therapy, serial roentgenograms 
demonstrated rapid disappearance of most of the perifocal and distant infiltrations The 
cavities then enlarged, became spherical, and exhibited thinning of the wall. The sputum 
became negative for tubercle bacilli at this time in the first 2 cases Thereafter, no sig 
nificant roentgenographic changes were observed prior to pathologic examination Bac 
teriologic “conversion” of the sputum obviously may oecur as a result of complete ob 
struction o: the bronchocavitary junction. There was no clinical or roentgenographic 
evidence in these cases that complete obstruction had actually occurred. The patency of 
the bronchi might have been sufficiently compromised to prevent detectable excretion of 
the organisms. Nevertheless, the negative bacteriologic state of the walls of these cavities 
in the excised specimens speaks against this 

Thus, it is reasonable to suggest the possibility that many of the tubercle bacilli were 
actually sterilized within the cavity. In any ease, the completely negative results of 
bacteriologic studies on the cavity walls, as well as the gross and microscopic appearance 
of the specimens, imply a striking response to antimicrobial chemotherapy in three of the 
four cavities studied 

Streptomycin and isoniazid have high antimicrobial activity in vitro against drug- 
susceptible tubercle bacilli; but frequently this effectiveness is not manifested in vivo 
with the commonly employed doses of these agents. For this reason, it may be concluded 
that obstacles to complete sterilization of the open cavity by means of these potent 
drugs are inherent in the host. Furthermore, the presence of an open healed and an open 
unhealed cavity in the same patient emphasizes the probable significance of local factors 
in this process. On the one hand, it seems fair to assume that the caseous material itself 
is the main tissue factor responsible for the failure of streptomycin to exert its full anti 
microbial activity (14). On the other hand, the wide variations in the rate of metabolic 
inactivation of isoniazid from patient to patient may be responsible for the failure of this 


drug to act in the open cavity (15). 


SUMMARY 


Three cases of pulmonary tuberculosis are presented which illustrate the phenomenon 
of open cavity healing under antimicrobial therapy The presence of both a healed and 


an active tuberculous cavity in one of these cases emphasizes the importance of local 


\ 
ve 
‘ 
BE 
in 


O54 KUSSELL, DERESSLER, MIDDLEBROOK, AND DENST 


factors in determining the fate of tuberculous cavities, Evidence of absorption of caseous 
tissue into the wall of a cavity is illustrated. Reasons are presented for the failure of 
open cavity healing to occur more frequently than it actually does in present-day prac- 
tice under multiple drug therapy with isoniazid-streptomyein 


SUMARIO 
Cicatrizacion de la Caverna Abierta bajo la Quimiote rapia en la Tuberculosis Pulmonar 


Preséntanse 3 eaos de tuberculosis pulmonar que demuestran el fendmeno de la cicatri 
zacion de una caverna abierta bajo la terapéutica antimicrobiana. La presencia simultanea 
de una caverna tuberculosa cerrada y de otra abierta en uno de estos casos recalea la im 
portancia de los factores locales en la determinacién del resultado en las eavernas 
tuberculosas. Se muestran los signos de absorcién de tejido caseoso en la pared de una 
eaverna, Se ofrecen razones que explican por qué no tiene lugar la cicatrizacion de las 
cavernas abiertas més a menudo de lo que sucede en la practica actual conla farmacoterapia 


combinada de isoniacida estreptomicina 


RESUME 
Cicatrisation des cavernes ouvertes dans la tuberculone pulmonaire soumise a la ¢ himiothérapre 


Présentation de trois cas de tuberculose pulmonaire illustrant le phénoméne de la cica 
trisation de la caverne ouverte sous l'influence de traitement bactériostatique. La présence 
simultanée d'une caverne épithélialisée et d'une caverne tuberculeuse en activité. dans un 
de ces eas, souligne l'importance des facteurs locaux dans la détermination du sort des 
excavations. La preuve de la résorption des tissus caséeux dans la paroi de la caverne est 
illustrée. Les auteurs indiquent les raisons pour lesquelles l'absence de cicatrisation de la 
cavité ouverte se rencontrait plus souvent que dans Ia pratique actuelle, sous l’influence 
du traitement combiné isoniazide streptomycine 

REFERENCES 
(1) M. The Behavior of Pulmonary Tuberculous Lesions, Am. Rev. Tubere 
1955, 77 (supplement 
(2) Pons, P., Casamavou, E., Munas, O., Provano, C., ann C.: Casectomia 
quimiea obtenida con la hidracida del acido isonicotinico (Rimifén®) con 
aparicion de defeetos meednicos (alterationes neumdticas), El Térax, 1953, 2, 115 
(3) Bennanp, E., ano Cannann, J.: Variétés d’aspect et conditions d’apparition d'images 
bulleuses au cours du traitement de la tuberculose pulmonaire par les antibio 
tiques, Rev. de la tubere., 1953, 17, 1021 
(4) Gary, P., Bénany, M., P., Touwrarne, R. G., ann Saint-FLorent 
Cavernes bulleuses: Documentation anatomo-clinique, Rev. de la tubere., 1953, 
17, 1037 
5) P., Decanve, J., Meven, A. ano Dertenre: Cavernes tuberculeuses a forme 
bulleuse, Rev. de la tubere., 1953. 17. 1046 
(6) Simontn, ano Savour: Images bulleuses pulmonaires, Rev. de la 
tubere., 1053, 17, 1051 
(7) Benno, A.: Les cavernes, dites ““Bulleuses,’’ Rev. de la tubere.. 1953, 17, 1055 
(8) Avrman, V., ann G. G.: Indication for excisional pulmonary surgery in 
tuberculosis treated with isoniazides combined with streptomycin and para 
aminosalievlic acid Quart Bull. Sea View Hosp 104, 15,1 
(9) Diagnostic Standards and Classification of Tuberculosis, 1950 edition. National 
Tuberculosis Association, New York, 1950 
(10) Rornerem, E.: Infected emphysematous bullae, Am. Rev. Tubere., 1954, 69, 287 
11) Eaten, 8.: Lung eyst infected by M. tuberculosia Report of a case, Am. Rev. Tubere., 


69, 1097 


= 
4 
i= 
‘ 
& 
J 
= 
Bal 
J 
_ 
a 


OPEN HEALING TUBERCULOUS CAVITIES 055 


(12) Pacer, W., Simmonpns, F. A. H., ano MacDonatp, N Pulmonary Tuberculosis 


Pathology, Diagnosis, Management and Prevention, Oxford University Press, 
1953 

(13) Bersuncer, W.: Die Kavernenheilung, Verhandl der Deutsch Gesellsch. f 
Med., 1950, 79, 244 

(14) Russece, W. F., Je, Dresscer, 8. H., G., 


Denst, J Implications 

of the phenomenon of open cavity healing for the chemotherapy of pulmo 
nary tuberculosis, Am. Rev. Tubere., 1955, 77, 441 

(15) H. B., Scum, L. H., ano Brew, J. P 


The metabolism of isoniazid: Its 
implications in therapeutic use, Tr 


Fourteenth Conference on the Chemo 


therapy of Tuberculosis, Veterans Administration, Army and Navy, 1955, 14 
217 


= 
ge 
= 
a 
L 
d 


Notes 


THE PRODUCTION OF FATTY LIVERS IN RABBITS BY ISONIAZID 
AND OTHER HYDRAZINE DERIVATIVES’ 


Early in the history of pharmacologic studies of isoniazid it was shown that fatty 
infiltration of the liver could be produced in dogs when high doses were employed? In 
cases of fatal poisoning from isoniazid,’ * fatty infiltration of the kidney, heart, and liver 
has been observed upon autopsy 

Quantitative studies of the comparative abilities of isoniazid and related compounds 
of interest in tuberculosis therapy to produce fatty livers do not appear in the literature 
Investigations in this laboratory® of the acute effects of high doses of various derivatives of 
hydrazine have now been extended to include isoniazid® and other derivatives. The new 
data on the latter are compared with the data on fatty infiltration obtained from hydra 


zine and derivatives in the earlier studies 


New Zealand white female rabbits from the same environment as those previously em 
ployed® were used exclusively. After a 24-hour period of fasting the drug was administered 
intraperitoneally to the animals. Food was withheld but water was supplied during the 
next 30 hours. The animals were then sacrificed by a blow on the head 

Aliquots from liver homogenates* ' were analyzed for fat (which includes neutral fat, 
cholesterol, and cholostery! esters) .* 

Iproniazid was employed as the phosphate salt (Marsilid”)*; l-isonicotiny!-2-acety! 
hydrazine was employed as the hydrochloride salt® or as the free base which was prepared 
as described below 

1-Laonicotinyl-2-acetylhydrazine: Isoniazid was treated with acetic anhydride in glacial 
acetic acid.'® The acetylating mixture was removed under diminished pressure. The syrupy 
residue was dissolved in methanol and evaporated to dryness. The crystalline residue was 
recrystallized from methanol and from acetone to give colorless crystals, melting point 
158°-150°C.. Thi« melting point corresponds to that given by Hughes."' The base was con 
verted to the hydrochloride by treatment with ethereal hydrochloric acid.’° The hydro 
chloride corresponded in melting point to that of authentic material. The mixed melting 


point showed no depression 


The experimental and statistical values for liver fat determination are summarized in 
table 1. Isoniazid in a dosage of 100 mg per kg. (0.76 mM.) in a series of 5 animals (2 of 


' Presented in part at the Southeastern Section of the Society for Experimental Biology 
and Medicine, Atlanta, Georgia, November 18, 1955 

* Rupin, B., ef al.: Am. Rev. Tubere., 1952, 66, 713. 

Campa, R.: Boll. Soc. ital. biol. sper., 1953, 29, 385 

‘Gaimeuinocer, A.: Beitr. z. Klin. Tubere., 1953, 110, 387. 

* Yarn, A. 8., MeKewnnrs, H., Ja.: J. Pharmacol. & Exper. Therap., 1955, 114, 391 

* Supplied by E. R. Squibb and Sons, New Brunswick, New Jersey, through the courtesy 
of Mr. W. A. Lott; and by Hoffman LaRoche, Nutley, New Jersey, through the courtesy 
of Dr. Elmer Sevringhaus 

’Yarp, A.8., ano MeKennis, H., Federation Proc., 1955, 14, 309. 

* Ournouse, BE. L., ano Forpes, J. C.; J. Lab. & Clin. Med., 1940, 25, 1157 

‘Supplied by Hoffman LaRoche, Nutley, New Jersey, through the courtesy of Dr. 
Elmer Sevringhaus 
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TABLE 1 


or Isontazip AND Dertvatives on Liver Far or Youne Femace Rapeirs 


Number Average Average 


Compound and Dose of Liver Per Cent pears P Values 

Animals Weight Fat eviews 

gram 
Isoniazid (1.45 mM. per kg.)* 6 57.1 7.85 2.810 <0.01 
Iproniazid (0.75 mM. per kg.)t 6 63.3 1.70 2.340 <0.01 
1-Isonicotinyl-2-acetylhydrazine hydro 

chlorie acid (0.76 mM. per kg 6 12.1 3.75 0.805 <0.01 
Hydrazine (0.76 mg. per ke 7 52.4 5.30 2.100 <0.01 

Control 17.0 1.50 0.795 


* All animals which received isoniazid had convulsions, usually one-half to one hour 
after injection 

+ Convulsions, when observed, usually occurred approximately twenty hours after 
injection. Two animals (not included in the series) died before termination of the experi 


ment 


which were allowed food ad libitum) did not lead to composite results which were signifi 
cantly different from a series of control animals. One animal in the series, however, had 
an abnormally high fat content (4.33 per cent). This fact, together with the earlier re 
ports on chronic toxicity, suggested that significant results would be obtained at a higher 
dosage in a small series of animals. When the dosage of isoniazid was doubled to 200 mg 
per kg., the average fat value rose to 7.85 per cent and the series was significantly different 
from the control group (p < 0.01) 

Since Hughes" has shown that the major metabolic product of isoniazid in man and 
the rhesus monkey is 1-isonicotinyl-2-acetylhydrazine, it was of interest to test the 
ability of this compound to induce fatty livers. When administered intraperitoneally in 
a dosage of 136.2 mg. per kg. (0.76 mM.), the acetyl compound consistently produced 
unequivocal fatty livers. Fatty livers were obtained from two different batches of the 
hvdrochloric acid salt of this compound as well as from the base. This clear demonstration 
of fatty livers at such a dosage concentration is in contrast to the low incidence of fatty 
livers seen when isoniazid is administered at the same molar dosage concentration, On 
either a weight or molar basis, 1-isonicotinyl-2-acetylhydrazine is a more potent producer 
of fatty livers in the rabbit than isoniazid. Such a finding, while not totally unexpected, 
is perhaps surprising in terms of the lower toxicity of the acetyl compound as shown by 
Bernstein and co-workers"? in mice and by Schmidt and Hoffmann" in monkeys. It can 
be seen in table 2 that, although acetyl-isoniazid is more potent than isoniazid, it still 
lacks the fatty-liver producing ability of hydrazine itself 

As a further extension of this work, iproniazid, which by intravenous routes is less 
toxic to rabbits than isoniazid,” was administered intraperitoneally to rabbits. In a 
dosage of 207 mg. per kg. (0.75 mM.) the phosphate salt produced unequivocal fatty 
livers. While these livers were not as high in fat content as those obtained in previous 
studies (table 2), when hydrazine and benzhydrazide were administered at the same 


? Beanstesn, J., et al.: Am. Rev. Tuberc., 1952, 66, 357. 

8 Scumipt, L. H., ano Horrmann, R.: Personal communication to Huoues, H. B.: J 
Pharmacol. & Exper. Therap., 1953, 109, 444. 

“ Benson, W. M., ef al.: Am. Rev. Tuberc., 1952, 65, 376 
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TABLE 2 
Companison or P oF Liver Far Contents or TrReaTeD 
HypRaziIne AND DERIVATIVES 


1-Isonico 
tiny! 2 


cetyl 
Benzhy Phenacet Iproniazid y 
Isoniazid Hydrazine 


drazide hydrazide 145 Phosphate fivd 
0.76mM. (0.80 mM 0.75 mM 
per ke chlorve 
per ke per ke per ke Acid 
0.76 mM 
per kg 


Hydrazine 
076 mM 
per ke 


lxoniazid (1.45 mM. per kg.) <0.05 <0.0 <0.01 
Iproniazid phosphate (0 75 mM. 

per kg.) +050) <0.30 <0.08 <0.40 
_Isonicotiny!-2-acetylhydrazine hy 

drochloride (0.76 mM_ per ke <0.01f <0 <0.40 


*P values calculated by methods described in Statistical Methods, G. W. 
lowa State College Press Ames, 1046 

+ Hvdrazine significantly higher than acetyl isoniazid 

t Benzhydrazide signifi antly higher than acetyl isoniazid 

§ Isoniazid significantly higher than acetyl isoniazid 


dosage concentration, they were sufficiently fatty to be impressive Benson, Stefko, and 
Roe.“ in chronic toxicity studies with iproniazicd, noted gross evidence of liver pathology 
in dogs following administration of 3.5 mg. per kg. for thirteen weeks, and reported 
similar findings with isoniazid (5 mg. per kg.) 

The production of fatty livers by iproniazid is the first mstance, of which the writers 
are aware, in which an alkvlated derivative of hydrazine has given rise to a fatty liver 
In a previous study, methylhvdrazine (25 mg. per kg., 0.173 mM.) did not produce fatty 
livers. The high acute toxicity of methvlhydrazine precludes a comparative determination 
at the dosage concentration employed for iproniazid 

In view of the well-known production of fatty livers by hydrazine and the similar 
action of many of its derivatives,” * it would be attractive to ascribe the observed similar 
action of isoniazid, its acetyl derivative, and iproniagid entirely to the hydrazino moiety 
Since the pyridine nucleus in general, however, I8 a methyl group acceptor, possible 
contribution of the pyridine ring of the isonicotinic acid derivatives to fatty liver produc 


tion cannot be dismissed without further investigation. Since the isoniazid analogue of 


diphosphopy ridine nur leotide has been identified as a product in vitro of systems to whieh 


isoniazid has been added," ™ similarity of some of the metabolism of isoniazid to that 
of nicotinamide is clearly evident 

In summary: The abilities of iwoniagzid and its isopropyl derivative (iproniazid) to 
produce fatty livers have been compared in the rabbit Following intraperitoneal injes 
tion, both of these compounds produce fatty livers when administered in dosages of 100 
to 200 mg. per kg. Isoniazid is less potent in this respect than iproniazid Both compounds 
on a molar basis are less effective than either hydrazine ot benzhydrazide 

1-Isonicotiny!-2-acetylhydrazine, the major metabolie product of isoniazid in man, 
produced consistent fatty livers in the rabbit. In a series contaming 4 small number of 
animals, the average tat content (30 hours after injection into 24-hour fasted animals) 


was 3.75 per cent. At equivalent dosage concentrations, animals which received iproniazid 


18 Zarman, L. J., ef J. Am Chem. Soc., 1953, 75, 3295 
Gotpman, D. 8.: J. Am. Chem Soc., 1054, 76, 2841 
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(1-isonicotiny!-2-isopropylhydrazine) had an average fat content of 4.70 per cent. In 
contrast, the control group had an average fat content of 1.50 per cent, while |-isonico- 
tinvihydrazine (1.45 mM. per kg.) caused a fat content of 7.85 per cent 


The ability of isoniazid and its derivatives to produce fatty livers was found to be less 
than that of hydrazine or benzhydrazide at equal dosage concentrations 


A method for the preparation of 1-isonicotinyl-2-acetylhydrazine has been described. 
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Mepicat CoLuece or Virainta ALLAN S. 
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U. S. VETERANS ADMINISTRATION ARMED FORCES COOPERATIVE 
STUDIES OF TUBERCULOSIS' 


IV. Results of Pulmonary Resection, 1952-1955 


A cooperative program for the evaluation of pulmonary resection for tuberculosis has 
been carried out by United States Veterans Administration hospitals concomitantly with 
the program for evaluation of variables in the antimicrobial therapy of tuberculosis. 

The tabulated data for this study include mortality and complications of each type of 
resection as well as data on reversal of infectiousness (“conversion” of pulmonary secre- 
tions) during « limited period of postoperative observation. All data are correlated with 
respect to background factors, preoperative chemotherapy, and the susceptibility of tuber 
cle bacilli to streptomycin. No data on long-term follow-up observations are included 

These data have been tabulated for 5,130 pulmonary resections performed between 
January 1, 1951, and July 1, 1955. The tables containing them will be found in the trans- 
actions of the Twelfth, Thirteenth, Fourteenth, and Fifteenth Veterans Administration 
Army-Navy Conferences on the Chemotherapy of Tuberculosis 

Tables made available at the Fifteenth Conference (1956) included 1.307 pulmonary 
resections performed between July 1, 1954, and July 1, 1955. These were reported by 41 
cooperating hospitals 

The data for the two previous reporting periods, starting July 1, 1952, bave been in- 
cluded in the tabulation of surgical mortality, complications, and trends. It was thought 
inadvisable to include the eases reported from January 1, 1951, to July 1, 1952, as long- 
term chemotherapy was not in general use during this period and because indications for 
resection have changed appreciably in the past few years 

The number of resections reported in each of the three years under consideration did 
not change appreciably; 1,217 were reported in 1952-1953; 1,133 in 1953-1954: and 1,307 
in 1954-1955 

In so far as the type of resection was concerned, pneumonectomies represented approxi- 
mately 5 per cent of the total in each of the three years; the percentage of lobectomies 
increased from 36 to 47 during the three-year period; segmental resections increased from 
36 to 47 per cent; and subsegmental resections decreased from 29 per cent in 1952-1953 
to 10 per cent in 1954-1955. The numerical frequency of each type of operation by the 
year is given in table |! 

Tabulation of data on indications for resection shows that for the present reporting 


period (1954-1955) cavitary lesions were the indication for 67 per cent of all resections. 


' Presented before the Fifteenth Veterans Administration-Army-Navy Conference on 
the Chemotherapy of Tuberculosis, St. Louis, Missouri, February 7, 1056 

* Data for the 1954-1955 cooperative study were contributed by the Surgical Services 
of the following Veterans Administration hospitals and centers: Albany, N. Y.; Albu 
querque, N. M.; Alexandria, La.; Augusta, Ga.; Batavia, N. Y.; Brecksville. Ohio; Brook 
lyn, N. Y.; Butler, Pa.; Castle Point, N. Y.; Coral Gables, Fla.; Dayton. Ohio; Dearborn, 
Mich., Downey, Tl., Durham, N. C.; East Orange, N. J.; Excelsior Springs, Mo.; Indi- 
anapolis (Cold Spring Road), Ind.; Kerrville, Tex.; Livermore, Calif.: Long Beach, Calif.; 
Louisville, Ky.; Madison, Wis.; Martinsburg, W. Va.:; Memphis (Kennedy Medical Teach 
ing Group Hospital), Tenn.; Minneapolis, Minn.; New Orleans, La.; Oakland, Calif.; 
Oteen (Asheville), N. C.; Outwood, Ky.; Portland, Ore.; Richmond, Va.; San Fernando, 
Calif.; Sunmount, N. Y.; Temple, Tex.; Tueson, Ariz.; Vancouver, Wash.; Walla Walla. 
Wash.; Waukesha, Wis.; West Haven, Conn.; Whipple, Ariz.; and Wood (Milwaukee), Wis 
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TABLE 1 


According to Type of Pulmonary Reseetion 


Vear 


Operation Death Per Cent 


1952-10535 
1054 1955 71 5 21.00 


Pheumonectom\ 


Totals 


Lobeectomy 1952 1953 4 
1953. 1054 412 
1954-1955 3.80 

Totals 


1952 1953 
1953-1054 6 
1054-1055 10 


Segmental resections 


Totals 


1952 1053 
1054-1054 0 
1054-1955 126 0 0 


Subsegmental resections 


lotals 


Over the three-year period, the indication of “upper lung field cavity” increased from 254 
ceases (21 per cent of all resections) in 1952 1953 to 616 cases (47 per cent) mn 1954-1955 
Undoubtedly, this increase indicates that fewer thoracoplasties are being performed for 


upper lung field cavities. “Solid lesions’ represented the indication for resection in 186 


cases (15 per cent) in 1952-1953 and for 244 cases (19 per cent) in 1954 1955 

\ review of the data on preoperative chemotherapy showed that more pneumonectomies 
(76 per cent) and lobectomies (55 per cent) were performed after preoperative preparation 
with re-treatment courses of antimicrobial therapy than after original courses. More seg 
mental and subsegmental resections were performed during the initial course of antimicro 
bial therapy (57 per cent). This undoubtedly reflects the unfavorable character of the 
disease for which many pneumonectomies and lobectomies were performed 

In table 1, the surgical mortality of each resection procedure by the year and the totals 
for the three-year period are given. “Surgical mortality” includes operative deaths (deaths 
in the operating room or within twelve hours after removal) and postoperative deaths 
(deaths more than twelve hours after surgery but attributable directly or indirectly 
thereto) 

The mortality of pneumonectomy did not decrease over the three-year period ; this re 
mains a serious operation. Destroyed lung was the indication for 50 per cent of the pneu 
monectomies; 5 per cent were pleuropneumonectomies 

There was no significant change in the mortality of lobectomy over the three 
vear period, although it is probable that the percentage of poor operative risks increased 
each vear. The slight increase in the mortality of segmental resection may have been due 
to broadened indications 

The absence of a mortality figure for subsegmental resection for the entire three-year px 


riod reflects the safety of modern thoracotomy 


op 
| 
ISS 32 17.00 
an 
1,554 16 1.00 
— 633 0 0 
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2 NOTES 


During the three-year period, the mortality and complications of lobectomy were tabu 
lated with respect to associated thoracoplasty. There was, however, no significant differ 
ence in deaths or complications in patients who had had no associated thoracoplasty com 
pared with those who had had prior, concomitant, or subsequent thoracoplasties. It may 
have been that thoracoplasty was used in the most unfavorable cases and its use may have 
prevented complications which would have occurred otherwise 

Complications of all procedures were tabulated as “none,” “bronchopleural fistula,” 
“empyema,” “spread,” and “other.” 

\ review of the data on bronchopleural fistula indicated that there had probably been 
some confusion in reporting this complication since cooperating hospitals were required to 
report as “fistulas both a relatively benign peripheral “lung leak” and the wide open 
stump of a major bronchus 

Only 17 spreads of disease followed the 1,307 resections performed in 1954-1955, an 
incidence of 1.3 per cent 

It was apparent that the incidence of empyema gave the best index of the morbidity of 
a particular type of resection because there is less doubt concerning the way to report an 
empyema than any other complication. Furthermore, most severe bronchopleural fistulas 


are complicated by empyemas 


TABLE 2 
or EMPYEMA 


Complicating Pulmonary Resection 


Operations Empyema ent 


Pneumoneetomy 34 
Lobectomy 1,285 
Segmental resection 1, 54 
Subsegmental resection 635 


TABLE 3 
Incrpence or Expyvema 1952-1955 orn Rerreatwent Course 
or CHEMOTHERAPY AND SUSCEPTIBILITY TO STREPTOMYCIN 
27% 


46 931 


PeBUMONECTONY LOBECTOMY SEGMENTAL RESECTION 


INITIAL COURSE OF CHEMOTHERAPY 
RETREATMENT COURSE OF CHEMOTHERAPY 


KNOWN REGISGTABNCE TO SH 


18.5 
1.7 
10 
0.8 
iol 
186% Y 
15 Yy 
Gy Yy 1.7% 
645 89 
7A 
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The incidence of empyema for each procedure for the three-year period is set forth in 
table 2. There was no variation in the incidence of empyema for each of the three years for 
the different procedures except that, in pneumonectomy, the incidence in each of the first 
two years was 21 per cent and in the third year 14 per cent. The numerical frequency of 
pneumonectomy for each year, however, was below 100. 

The low incidence of empyema in subsegmental resection emphasizes again the safety 
of the procedure. 

In table 3 may be seen the incidence of empyema in the three-year period for pneu 
monectomy, lobectomy, and segmental resection, correlated with the course of chemo 
therapy (initial or re-treatment) and with the susceptibility of tubercle bacilli to 
streptomycin in the preoperative pulmonary secretions. The total number of operations 
in each category is shown beneath each bar. There is some overlapping in these groups 


since the secretions of patients having re-treatment courses of antimicrobial therapy fre 
quently contained tubercle bacilli which were not susceptible to streptomycin. As might 
be anticipated, the incidence of empyema was higher in patients who had re-treatment 


courses than in those who were receiving their initial chemotherapy and was the highest 
in those patients with bacilli known to be resistant to streptomycin 

In summary: An analysis of the tabulated data on pulmonary resection for tuberculosis 
in cooperating Veterans Administration hospitals for the three-year period from July 1, 
1952, to July 1, 1955, is reported. A total of 3,657 resections were performed in this period 
One hundred and eighty-five of these were pneumonectomies; 1,285 were lobectomies; 
1,554 were segmental resections; and 633 were subsegmental resections. Data on surgical 
mortality and complications are presented. 
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THE EFFECT OF CORTISONE ON ELECTROPHORETIC PATTERNS AND 
THE HEMAGGLUTINATION REACTION IN THE COURSE 
OF CHILDHOOD TUBERCULOSIS 


The writers have studied the electrophoretic patterns and the agglutination reaction 
to the Middlebrook and Dubos test in different forms of childhood tuberculosis during 
the initial phase of the disease as well as during the combined treatment with isoniazid- 
streptomycin-PAS. The following relationship between these two biologic reactions of 
the organism was noted 

\t the initial stage of the disease and before the institution of therapy, the hemag- 
glutination titers fluctuated between 1:4-1:64 and occasionally were even higher. 


TABLE 1 


Globulins Hemagglu 
tination 
Titers 


Type of 
Tuberculosis 


2 vears Primary 
complex 


of 


Primary 


complex 


2 
6 
7 
3 


months Primary 
complex 


= 
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months Primary 
complex 
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Tuberculuos 
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meningitis 
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Tuberculous 
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meningitis 


~ 
=) 


Cervical 


adenitis 


te te ty 


Cervical 


= 
Son 


adenitis 


a ar 7 
” per per per per per 
conl conml cont con 
+ la. M. F 51.6 6.0 12.4 10.0 B® 
41.0 10.9 11.4) 31 
d 40 10.8 12.1 33 
2a. T. K i years re 38 4/17 11.5 | 27 
36 9 13 11.6 34 
d 37 20611 12.5 | 34 
da. A. P 16 17 24 12.6 2 
49 21 
d 1s 26 
in. A.A 46 26 
d 48 1 
ba. T. E. 6 years 99 
d 51 
e 
f 2 
Ga. P. A. 6 years 
53 
ex d 53.0 
e 52.4 
7a. K. M. 3 years Pe 0.3 
45.8 
a b 38.6 
38.6 
d 42.8 
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NOTES 


\t the same time the electrophoretic changes included a drop in albumin and an 
inerease of a), a, and gamma globulin (albumin, 36.2-53.5 per cent; a), 3.2-7.0 per 


cent; a, 11.0-20.5 per cent; gamma globulin, 17.0-32.0 per cent) 
Under antimicrobial treatment, the hemagglutination titer and the electrophoretic 
patterns (especially the alpha fraction) gradually returned to normal levels, with the 


exception of gamma globulin, which remained elevated for a longer period of time 
The possible effect of cortisone on this relationship between the electrophoretic pattern 
and the hemagglutination titer in different forms of childhood tuberculosis has been 
investigated. Kight tuberculous patients from two to six years old were studied 
The patients’ tuberculosis was classified as follows 
Febrile primary complex —4 cases 
Tuberculous meningitis 2 cases 
Cervical adenitis 2 cases 
With the initiation of general treatment, cortisone was administered for fifteen consecu 
tive days at a dose of 1-2 mg per kg. of body weight. Cortisone therapy was limited to 
this period beeause unfavorable complications (especially from. the respiratory system) 
are occasionally observed when the drug is given for a longer time. For example, in one 
case autopsy revealed multiple staphylococcal abscesses; and in a second patient, three 
years old, cortisone treatment was complicated by a diffuse cellulitis 
It may be seen in table | that cortisone in the above-mentioned dose during the first 
two weeks of antimicrobial therapy had no effect on either the electrophoretic patterns 
or the hemagglutination titers in these S patients. The course of both biologic reactions 
was essentially the same regardless of whether the treatment consisted of isoniazid 
streptomycin and cortisone or isoniazid streptomycin without steroid therapy 
In summary: 'The addition of cortisone at the start of isoniazid streptomycin therapy 
in childhood tuberculosis had no effect on the course of either the hemagglutination titer 
or the electrophoretic patterns of the serum. 
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FURTHER REPORT ON TUBERCULOSIS MORTALITY RATES AMONG 
WORLD WAR II VETERANS (A SCREENED POPULATION) 
FOR THE YEARS 1953 AND 1954 


The tuberculosis mortality rates among World War II veterans for the years 1948 
through 1952 were reported by the writer in December, 1953. 

The rates shown were considerably lower than the mortality rates for the civilian 
population of comparable ages. It was then suggested that the provisional data available 
at that time definitely indicated an anticipated further decline in the number of deaths 
from tuberculosis among World War II veterans for 1953 

It is now possible to report that the estimated rates for the years 1953 and 1954 were: 

1953-—5.9 per 100,000 
1954 —4.5 per 100,000 

The rates were again considerably lower than those of the civilian population of com 
parable ages. Apparently, the veteran population still retains its preferential status as a 
selected, screened group 

In the conduct of this study, the following materials were used: the Veterans Adminis 
tration Central Office Tuberculosis Case Register, which is current and presumably con 
tains complete data on all World War II veterans (enlisted personnel and officers); the 
Claims Service tabulations for the calendar years 1953 and 1954, which list the names of 
veterans who have received compensation or pension for pulmonary tuberculosis but 
who have been dropped from the Claims rolls; and the punched cards for veterans who 
died in Veterans Administration hospitals during these two years which were checked 
with the microfilm file to determine those who died of pulmonary tuberculosis 

The World War IL veteran population which served as the basis for estimating the 
mortality rate in the study was as follows 

1953-—-15,440,000 as of June 30, 1953 
1954 15,425,000 as of June 30, 1954 
The estimated total number of deaths from pulmonary tuberculosis among World War II 
veterans that occurred in Veterans Administration hospitals and outside Veterans Ad- 
ministration hospitals were 
912 
1954 694 
resulting in a rate per 100,000 of 5.9 in 1953 and 4.5 in 1954 

Wide use of chemotherapy since 1946 in treating tuberculosis in Veterans Administra- 
tion hospitals and the extensive case-finding program were again contributing factors in 
further lowering the tuberculosis mortality rate in a screened population. 

The history of tuberculosis control is replete with prophetic statements on the expected 
future course of morbidity and mortality from this disease. Few of these statements made 
in the past have been as accurate in evaluating the status of tuberculosis control as Dr. 
Esmond Long's prophecies made as far back as 19462 when he spoke of the retarding 
influences, such as the new methods of treatment and the case-finding program, which 
are now (ten years later) advanced as the contributing factors to the low tuberculosis 


mortality rate among veterans of World War II. 


U.S. Vererans ADMINISTRATION Leo V. ScHNEIDER 
DerarTMENT OF MEDICINE ANP “SURGERY Bernarp FRANK 


25, D.C 


February 15, 1956 
' Scuneiper, L. V., and Rosen, D. L: Am. Rev. Tuberce., 1954, 69, 638. 
* Lona, E. R.: Tuberculosis in a sereened population (editorial), Am. Rev. Tuberc., 
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TUBERCULOSTATIC FACTOR IN NORMAL HUMAN URINE 


In « series of experiments during the years 1948-1952,'* the present writer was able to 
confirm a few earlier observations that human urine has a growth-inhibiting effect on 
tubercle bacilli. By a combination of chromatographic methods with electrodialysis it was 
possible to isolate and partially purify the tuberculostatie factor. It was shown to be an 
acid: it was resistant to heating to 100°C., both in acid and alkaline solution. It was 
soluble in water and ethyl aleohol, but not in measurable amount in acetone, ether, 
petroleum ether, benzene, carbon tetrachloride, or chloroform. The purified material 
gave no ash on ignition. It contained 6.7 per cent nitrogen and 0.34 per cent phosphorus, 
but no sulfur. Attempts to isolate the factor in crystalline form have not been suc cessful 
so far 

Pichat and Minjat* found that ingestion of high doses of ascorbic acid increased the 
tuberculostatic effect of urime 

Mvrvik. Weiser, Houglum, and Berger® recently published an interesting investigation 
of the tuberculo-inhibitory properties of ascorbie acid derivatives. From auto-oxidised 
solutions of ascorbie acid they precipitated a substance with methyl alcohol which had 
an important tuberculostatic effect. This substance had biochemical and antibacterial 
properties similar to the factor which the present writer had isolated from urine, and, 
therefore, Myrvik and his associates supposed that these two substances might 
be identical 

Stimulated by this work, the present writer tried to precipitate with methyl aleohol the 
tuberculostatie factor from concentrated solutions purified from urine, according to 
Myrvik and co-workers. The precipitation was at first performed at pH 2 with 10 volumes 
of methyl alcohol. An amorphous precipitate resulted which was washed twice with 
methvl aleohol and twice with ether. The precipitate was dried and dissolved in distilled 
water (fraction 1). Supernatant fluid was neutralized with sodium hydroxide to pH 7 
The resulting precipitate was washed, dried, and dissolved in distilled water as before 
(fraction 2). The supernatant was evaporated to dryness in vacuo to remove the methyl 
alcohol. and the dry residue was dissolved in water (fraction 3) 

The tuberculostatic effect of the three fractions was tested in Dubos medium, The 
antibacterial factor was localized to fraction 3 and was thus different from the tuberculo 
static ascorbic acid derivative soluble in methyl! aleohol. Moreover, by chromatography 
on charcoal columns, the tuberculostatic factor from urine could be separated from the 
tubercle bacilli inhibitory ascorbic acid derivative prepared according to Myrvik and 
co-workers 

Thus, it seems probable that the factor responsible for most of the tuberculostatic effect 
of normal human urine is not identical with the tuberculostatic ascorbic acid derivative 


appearing in urine after ingestion of high doses of ascorbic acid 
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Tusercucosis. anp Host. With an addendum on Leprosy 
\ Ciba Foundation Symposium. Edited by G. E. W. Wolstenholme and Margaret P 
Cameron, assisted by Cecilia M. O'Connor. Pp. xii and 396, with 69 illustrations. Little, 


Brown and Company, Boston, 1955, Price, $9.00. 


This book brings the reader up to date on several important fields of experimental myco- 
bacterial disease in which investigation has been intense and progress rapid in recent 
At the same time it furnishes a cross section of informal reaction by seasoned in- 


vears 
vestigators to the views and objectives of their colleagues in the latters’ respective prob- 


lems. These useful purposes are accomplished by assembling in a single volume a series 


of papers presented at a recent symposium and including in some detail the comments 


and searching questions of listening investigators, all of them well qualified for critical 


reaction 
The symposium was held in London in October, 1954, under the auspices of the Ciba 


Foundation. It is apparently the ninth in that organization's series of published symposia 
The preface indicates that the initial steps for the conference were taken by E. Lederer, 
H. Bloch, and 8. Raffel. On invitation by the Director of the Foundation, some forty 
investigators gathered in London for a conference under the chairmanship of Arnold 


Rich, at which 26 papers were presented. The first 22 of these were on various aspects of 


the experimental investigation of tuberculosis; the last four made up a short session on 
The participants were chiefly from Switzerland, France, Great 


experimental leprosy 
Britain, and the United States 

The book does not pretend to cover all fields of modern experimental tuberculosis 
Indeed it touches only lightly on the absorbing one of experimental chemotherapy. The 
principal chapters deal with the chemical composition of the tubercle bacillus, certain 
features of its metabolism, the effect of specific constituents of the bacillus on body tissues, 


the mechanism of native and acquired resistance to the microorganism, and immunity 


relations in broad aspect. The four papers on leprosy point out several inter-relations of 


the two diseases, particularly with regard to tissue reaction and immunological factors 
The book itself will have to be consulted for a review of the individual presentations 


They are authoritative, written as they are by investigators intensively engaged in re 


search on the problem concerned. The discussion was free, informal, and pithy. The reader 


will gain almost as much insight on the gaps in our knowledge from the penetrating ques 


tions and guarded answers as from the papers themselves 
The editors for the Ciba Foundation, G. E. W. Wolstenholme and Margaret 


P. Cameron, who prepared the monograph with the assistance of Cecilia M. O'Connor, 


are to be congratulated for making available a compendium that assembles so mus h cur 


rent knowledge in concentrated form and indicates with clarity the questions that must 


be answered for further progress 


R. Lone 
Pedlar Mills, Virginia 


La Liepne (Second Edition). By R. Chaussinand. Pp. 310, Expansion Scientifique Fran 


cais, Paris, 1955 


This new edition of Dr. Chaussinand’s well-known book on leprosy is enlarged from 212 to 
IS of 


310 pages. It has broader pages, better type and binding, and now 130 figures, 
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which are in color. The table of contents still appears at the end rather than the beginning 
of the text. The index is adequate. There are eight pages of references. Technical direc 
tions for several procedures are given in an appendix 

The chapters on history, geographic distribution, and Hansen’s bacillus remain essen 
tially as before. That on clinical aspects has been enriched by rewriting and by many new 
photographs; it has now an excellent source of material on this subject. The chapters on 
rat leprosy and on the etiology and transmission, immunology, prophylaxis, and especially 
the treatment of human leprosy, have been expanded and brought up to date. New 
chapters include immunology and serology, classification and epidemiology 

Certain points of view are a challenge to further, more careful inquiry into the epi 
demiology and immunology of leprosy. It is held, for example, that leprosy declined in 


Europe because of an increase in tuberculosis and the consequent cross-immunization 


against leprosy. This concept rests on good evidence that the tubercle bacilli, or BCG used 


experimentally, induce in many persons a positive Mitsuda reaction (twenty-one-day skin 
response) to suspensions of killed leprosy bacilli. Since it is known that positive Mitsuda 
reactions in leprosy patients signify a favorable prognosis, this hypothesis is plausible 
The significance of cross-immunization, however, requires further study, since it is also 
known that during the lepromatous form of this disease there is a tendency to retain high 
reactivity to tubercle bacilli without appreciable response to leprosy bacilli 
\ clear statement of hypothesis serves to open new avenues of investigation. The author 
is to be commended for the stimulating concepts which he presents on this and other 
controversial topics 
Joun H. Hanks 
Boston, Massachusetts 


Mepicat Progress. Morris Fishbein, Editor. Pp. 346, McGraw-Hill Book Company, 
Ine., New York, 1955, Price, $5.00 


This book edited by Dr. Fishbein is composed of twenty chapters, each written by several 
authors and dealing with different fields of medicine. In each chapter the authors attempt 
to summarize the advances made in the particular field during the year 1954. New facts 
and new findings are presented although most of the material actually deals with new 
treatment or effects of different procedures or drugs tried in a given situation for the first 
time during this vear. Some of the chapters are well indexed; others are not. The book is a 
handy reference for the practitioner for a limited period of time, but is already becoming 
outdated and probably in another eight months will have outlived its usefulness 

Joun Harvey 

Baltimore, Maryland 


= 
x 
- 


American Trudeau Society 
- Medical Section of the National Tuberculosis Association 


Hypopharyngeal (Laryngeal) Swabbing for the Cultural Diagnosis of 
Pulmonary Tuberculosis 


A Statement of the Laboratory Subcommittee 


Among the several procedures used to obtain bronchial secretion for the cultural 


diagnosis of tuberculosis when sputum is absent or scanty is one known as “laryngeal 
swabbing.” The technique, as practiced routinely, is not laryngeal swabbing at all. It 
consists of entering the hypopharynx with a small cotton pledget or a piece of Gelfoam 
affixed to a suitable applicator of bent wire. No anesthesia is applied to the throat and 
so, of course, the larynx cannot be entered, due to spasm when it is touched. As a result 


of the cough reflex, however, some bronchial secretion is deposited on the swab; and so 


the desired specimen is obtained regardless of the misnomer. It is a simple operation, it 


can be taught to an intelligent nurse in a few minutes, and it is acceptable because it 


oceasions little discomfort to the patient 
Hypopharyngeal swabbing has been employed sporadically in the diagnosis of tuber 


culosis in many countries and for many years. The first extensive routine use of it appears 


to have taken place in Great Britain some seven years ago, subsequent to studies in 
which it was compared with gastric lavage. The swabs had been treated with sulfuric 
acid prior to neutralization and inoculation onto solid medium. In Canada, swabbing 


came into common use following confirmative comparative reports, one of which indi 
cated that, when liquid medium was used subsequent to trisodium phosphate treatment, 


in 4 given patient a single hypopharyngeal swab was as likely to yield a culture positive 


for tubercle bacilli as was a single gastric lavage. The contamination rate, in spite of the 
use of liquid medium, was low (1.6 per cent). Recent comparative reports are to be found 


in the continental European literature and also in that from Latin America. 

The question arises how a small amount of bronchial secretion on a swab could com- 
pete favorably with a large amount of bronchial secretion obtained from the stomach. 
First, due to the inefficiency of concentration techniques, the total number of tubercle 
bacilli in the lavage specimen is subjected only in part to culture; whereas, in the case 
of swabs, especially with the liquid culture method, all of the secretion is planted. Second, 
much of the lavage material has been in the stomach for some hours prior to its with- 
drawal where it would be subjected to the deleterious effects of gastric juice 

Hypopharyngeal swabbing has a very real place among routine procedures for detec 
tion of tubercle bacilli in pulmonary tuberculosis when sputum is not available, and 


especially when arrangements cannot be made as easily and frequently as advisable for 
collections of specimens of fasting gastric contents. It is also particularly indicated in 
cases with a medico-legal aspect in which certification of the source of the specimen may 
be necessary. It should be made quite clear, however, that correctly collected sputum is 


the specimen of choice under all other circumstances 

Apparently, hypopharyngeal swabbing has not been accepted to any extent in the 
United States. In the one publication in the American literature giving results of the 
comparison of two laryngeal swab cultures on solid medium with one gastric lavage, the 
writers found the swabs somewhat less efficient for the detection of tubercle bacilli, but 
recommended the procedure for use in clinie patients under certain circumstances. There 
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are also said to be some other, but unpublished, studies showing the inferiority of hypo 
pharyngeal swabbing to gastrie lavage. It has been argued, too, that nearly all tuber 
culous persons can be induced to produce sputum and that neither swabbing, gastric 
lavage, nor other special procedure is needed if enough time is taken with the patient in 
explanation of what is required. Even if so, in most institutions and clinics this is not a 
practicable way to deal with the situation. Of the two most commonly considered alterna 
tive procedures, hypopharyngeal swabbing is the easier one. If it is true that it can be as 
efficient as gastric lavage, then it is certainly to be preferred to that unpleasant ordeal 
Further published comparative studies from the United States, either confirming ot 
denving the claims for swabbing, would be valuable.* 

In order to enable those interested to get at the source of the material quickly and to 
initiate studies, a note on technical details and a selected bibliography are appended 


Technique 


Applicators are available commercially,’ but can be improvised from 11 inches of 
baling or lighter gauge wire, with one end twisted to make a handle and the other bent 
to form a smal! hook on which is wound 0.05 gm of a good grade of absorbent cotton 
or a 1- by 3-em. piece of Gelfoam,* tied on with silk thread). The applicator is bent 
to approximately a 45 degree angle, 1.5 to 2 inches from the tip 

The technician puts on gown, gloves, cap, mask, and finally a face shield.* This is 
important because, otherwise, with each correctly taken swab, the patient will cough 
directly into the operator's face. Without taking the above precautions, an unprotec ted 
technician, taking an average of 40 to 50 swabs daily in a large hospital or clinic five 
or six davs a week, could searcely escape infection. No cases of tuberculous disease 
have been recorded in personnel protected as described above 

With the patient's tongue held out, the swab, moistened with water immediately 
before use, is passed back without touching the oral mucosa as though to enter the 
larynx. The procedure is complete when the inevitable cough reflex has occurred, (A 
five-minute demonstration by the hospital laryngologist is advantageous and is all of 
the training needed by the intelligent novice 

The cotton swab specimen is pushed into a 12- by 100-ml. tube containing | 5 ml 
sterile 10 per cent trisodium phosphate and, after overnight incubation at 37°C. and 
neutralization, is wrung out and discarded. The solution is poured into 25 ml. liquid 
oleic-acid-albumin medium,‘ using | gm. asparagin, 10 ml. of 5 per cent stor k casein 
hvdrolvsate, 0.005 gm. ferric ammonium citrate with the addition of 25,000 units of 
penicillin per liter. Incubation and weekly examinations are conducted as usual; cul 
tures in which growth is shown are subcultured to solid medium for final identification 

Gelfoam swab specimens are dissolved by insertion into 2 ml. of a 3 per cent NaOH 
solution at 38°C. for twenty-five minutes. The applicator is removed, the solution 
neutralized, and to it is added 25 ml. of liquid medium. If advisable, cultures may be 
made from the digested and neutralized material direc tly on solid medium 

Smears stained for acid-fast bacilli are not ordinarily made at the time hypopha 
ryngeal swabs are being prepared for culture because the amount of material is too 
small to permit sacrificing any for this purpose, Sometimes however, it may be advan 
tageous to take a separate swab specifically for smearing The finding of acid-fast 
bacilli from such material would constitute strong presumptive evidence of pulmonary 


tuberculosis but not proot of it 


Ingram and Bel. Ltd Toronto, Canada 
The Upjohn Company, Kalamazoo Michigan 
Sellstrom Safeguard, Style 320, with window 'P.2-320, is satisfactory and obtain 


able through laboratory supply houses 
‘ Dupos, R. J., anp Mipptesroox, G.: Am. Rev. Tubere., 1947, 56, 334 
* An article on this subject appears on page 930 of the present issue.—Thé Editor 
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REPORT OF TWELFTH PEMBINE CONFERENCE 


The Twelfth Pembine Conference was held at the Four Seasons Club, Pembine, Wis 
consin, on September 9, 10, and 11, 1955 The guest conferees from outside the tri-state 
area of Minnesota, Wisconsin, and Michigan were 

Neil C. Andrews, Columbus, Ohio 

Martin J. FitzPatrick, Kansas City, Kansas 
Robert Y. Keers, Milltimber, Scotland 
David F. Loewen, Decatur, Illinois 

Karl H. Pfuetze, Chicago, Ilinots 

Howell Randolph, Phoenix, Arizona 

Arthur E. Rikli, Chieago, Illinois 

Edward L. Ross, Winnipeg, Manitoba 


(juest pediatricians for the panel on tuberculosis in children were: 
Alfred D. Biggs, Chicago, Llinois 
Eugene T. MeEnery, Chicago, Illinois 
Dwain N. Walcher, Indianapolis, Indiana 
Consecutive case reviews for this conference were “Thirty consecutive admissions on 
and after July 1, 1952, hospitalized continuously for a minimum of six months and treated 
with chemotherapy for any period of time while hospitalized.” The period selected was 
based upon a date when prolonged chemotherapy was fairly well established and when 
isoniazid was generally available and was being included in prolonged combined therapy 
Significant observations were to be directed at the toxicity of the drugs with prolonged 
administration and at the long-term therapeutic results 
The case reviews from the tri-state area were presented by 
River Pines Sanatorium, Stevens Point, Wisconsin 
Mineral Springs Sanatorium, Cannon Falls, Minnesota 
Muskegon County Sanatorium, Muskegon, Michigan 
These hospitals were comparable in many respects 
(mong the cases presented, reactions to the drugs employed were of minor importance 
Desensitization was used, the methods varying with the individual preferences The sub 
stitution of another antimicrobial agent was more common, Prolonged chemotherapy 
seemed to introduce no special problems attributable to the drugs. The greater difficulty 
was to maintain drug therapy after discharge. PAS seemed the major problem. There 
was considerable doubt as to how consistently patients continued to administer thei 
drugs when on their own responsibility 
Greater attention is being given to the differential diagnosis between tuberculosis and 
other pulmonary diseases. The increasing ine idence of fungal diseases was discussed 
Skin tests are being utilized more frequently and have a role in diagnosis. Greater use of 
culture methods and guinea pig inoculations was urged. These can lead to better identifi 
eation of the causative organism and can help differentiate the nonpathogeni Lung 
biopsy is used to a limited extent and with varving diagnostic results. Exploratory tho 
racotomy for diagnostic purposes has gained in importance 
Chemotherapy in general followed the established patterns The combinations selected 
were a matter of personal preference. Isoniazid was included in the combination most 
frequently. Use of the streptomyem isoniazid combination was preferred, but the threat 
of loss of these more potent drugs through development of resistance to both was a 
deterrent for many. Intensive therapy during the first few weeks for acute cases was 
preferred by many of the conferees 
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a Obtaining drugs for continuing therapy after discharge still is a problem. The methods 
( used vary between communities. Patients who leave prematurely and against advice are 
a special problem. It was recognized that uninterrupted drug therapy was advisable. 


There was considerable feeling that making drugs available encouraged irregular dis- 
charges. There seems to be a definite trend, however, toward providing drugs to these 
patients 

Surgical discussions centered about resection. A poll of the conferees showed that none 


from the tri-state area was using pneumotherapy of any type! The principal question was 
how small (or large) a lesion needed to be resected. There still was no unanimity of opinion. 
Apparently decisions must be based upon the evaluation of the individual cases. The 
majority favored relying upon chemotherapy, with resection of those minimal lesions 


which did not respond adequately. There was general agreement that the more advanced 
and destructive lesions should be resected 

Secondary thoracoplasty was the procedure of choice to obliterate residual pleural 
space following resection. It was done by many, but not routinely, after pneumonectomy. 
The tendency in lobectomy or less drastic surgery was to allow the remaining lung to fill 
the space if possible. Occasionally a limited thoracoplasty may be necessary to obliterate 
any remaining space. Persisting bronchopleural fistulas are a major complication. Opin- 
ions varied as to the treatment, but the consensus seemed to favor early attempts at 
closure, with thoracoplasty. A perennial discussion found that the majority still favored 
operating on the more extensively involved side initially when bilateral surgery is indicated. 


\ significant discussion concerned infections traced to new air conditioning systems in 


surgical suites. The location of air intake ducts, efficiency of filters, and air flow current 
in surgeries need to be checked thoroughly to eliminate unsuspected hazards. 
The guest presenter was Dr. Robert Y. Keers of Milltimber, Aberdeenshire, Scotland. 
He is Medical Director of the Deeside Sanatoria. There is no question that regional and 
national conferences have tended to standardize and equalize therapy in the United 
States. A review of cases demonstrating another approach was most stimulating. Dr. 
i Keers’ presentation and repartee were in the Pembine tradition 
Several of the cases presented showed a unique surgical procedure. This consisted of a 
limited thoracoplasty combined with a Semb apicolysis. Postoperatively, the space was 
maintained as an extra-costal pneumothorax until rib regeneration had stabilized the 
; collapse. Although resection seemed the procedure of choice in many instances, there 
E could be no question of the surgical collapse obtained or of the therapeutic results. The 
series of cases covered a period of transition to more resectional surgery, but Dr. Keers 
still prefers this collapse method in selected cases. In 412 operations of this type, only 6 
required resection subsequently 

One case illustrated a study on tuberculin desensitization in acute tuberculous infec- 
tions. The results in this (and in other cases demonstrated later) were quite dramatic. 
The observations gained from this study should be of interest. 

Dr. Keers preferred a combination of streptomycin and isoniazid for initial therapy, 
substituting PAS for the isonizaid at about three months. The greatest difference prob 
ably was the lack of direct follow-up. Discharged patients are followed in their local 
health clinies and are “lost” to the sanatorium. 

The final session of the Conference was devoted to “Twenty consecutive admissions 


and five selected cases of intrathoracic tuberculosis in children twelve years of age or 

younger admitted on and after July 1, 1952." Cases from the William Maybury Sana- 
torium at Northville, Michigan, were presented. Following a successful plan of last year, 
a panel of pediatricians was invited to lead the discussions 
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The interest generated can best be reflected by the fact that only half of the cases 
could be presented within the time available. The extent, variety, and complexity of cases 
presented was astounding. It was agreed almost unanimously that tuberculosis in children 


had been given too little attention. The occasional cases seen previously in conference 
series failed to reflect the problem adequately 
The discussions were so varied and rapid that only sketchy reporting is possible 
Endobronchial lesions are seen in the majority of those bronchoscoped. Infections with 
drug-resistant organisms are found frequently. Intradermal tuberculin tests are preferable 
to tuberculin patch tests. Hematogenous infections and foci are encountered frequently. 
Asymptomatic infections do not indicate that hematogenous spreads will not occur. The 
therapy programs outlined had been developed to meet certain indications. These pro 
grams are too extensive to repeat in this report 
State chairmen selected to serve for the next three years were Everett Gaikema for 
Michigan, Richard Jahn for Wisconsin, and Sumner Cohen for Minnesota and as General 
Chairman 
The next Pembine Conference is scheduled for September 7, 8, and 9, 1956 
Josern Michigan 
Arruur OLsen, Minnesota 
Morris THomas, Wisconsin 
Chairman, Pembine Conference 
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Notice how consistently Blue Brand responae 


... film after film 


Among the outstanding qualities of today's Kodak 


Blue Brand X-ray Film are (1) its ability to register 
detail; (2) the uniformity of this response, © 
These same two qualities are high on the list of 
reasons why so many radiologists depend upon 

Blue Brand for correlation and evaluation 


of the patient's condition. 


Order from your Kodak x-ray dealer 


EASTMAN KODAK COMPANY 
Medical Division, Rochester 4, N.Y. 
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in expert hands 


One of the miracles of modern 
medicine is the swift restoration of 
the tuberculous patient to a useful 
life. Today, the healing hands of 
the doctor achieve dramatic results 
— even in streptomycin resistant 
cases —with the assistance of new 
and potent tuberculostatics. 


Working hand-in-hand with the 
medical profession, the Research 
Division of CMC supplies 


ISOPACIN 


brand of sodium para-aminosali- 
cylate with isoniazid, a combina- 
tion more effective than any single 
antituberculous agent yet avail- 
able. Supplied in tablets containing 
12.5 mg. INH and 0.5 gr. NaPAS. 


Other clinically proven products at your 
service: Sulfate + 
Forticon (9 vitamins, 9 minerals, 3 
amino acids) + Germicin (Brand of 
Benzalkonium Chlorides, germicide) + 
lsopacin-S (NaPAS & INH) + Pas- 
hkalium (KPAS) «+ Streptoconin (Strep- 
ye & INH) + Teebacin (NaPAS) 
* Teebacin Acid (PAS) + Teebacin 
Acid Buffered (Buffered PAS) + Tee- 
baconin (INH) + Teebazone (TB 1) 
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QUALITY * RESEARCH + ECONOMY 


Samples and literature 
at your request 


RESEARCH DIVISION 


CONSOLIDATED MIDLAND CORPORATION 


1S PARKWAY, KATONAH, NEW YORK 
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(POTASSIUM PARA AMINOGALICYLATE) 


BETTER TOLERATED 

PASkalium largely avoids the 
common gastrointestinal upsets 
which limit the usefulness of 
para-aminosalicylic acid as well as 
its sodium and calcium salts. 
Patients with positive histories of 
intolerance to all previous P.A.S. 
therapy readily tolerate full 
therapeutic dosage of PASkalium 


in most instances. ! 
A HIGHER P.A.S. PLASMA LEVELS 
BETTER PASkalium is the most soluble 
P.A.S. salt known. Absorption is 


rapid and excretion predictable. 


FORM Twelve grams daily produce and 


maintain blood levels comparable 


OF to those obtained with 17 grams 
of sodium P.A.S. and (theoretically ) 
p A S 30 grams of P.A.S. Acid.“ 


1. Molthan, 1... Cohen, K. 

FOR Zarafonetis, C. J. D.: Clinical use of potassium 
para-aminosalicylate KPAS). Am. Rew. of Tubere 
and Pulmon. Dis, 71:220 (Peb.) 1955 


TREATING 2. Cohen, R. V., Molthan, L., and 


Zarafonetis, C. J. D.: Clinical Studies of Various 
Forms of PAS (with special reference to plasma 


concentrations). Read before the American 
Trudeau Society, Annual Meeting, Milwaukee, 


Wisconsin, May 23-27, 1955 


NOW AVAILABLE in tablets (0.5 Gm.), 
powder, and convenient one-dose 
(3 Gm.) “Envules”. For information, 


please write 


GLENWOOD LABORATORIES 1c Teaneck, New Jersey 
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EMERSON 
Pleural Suction Pamp 


1. Very high volume. 


Aspirates 30 liters per minute at a set- 
ting of 10 centimeters of water. 


2. Low, constant pressure. 


Does not climb appreciably even with 
tubes wholly obstructed. 


Designed for continuous service. May be 
adapted for 2 patients at once with 2 tubes 
to each, 4 »# Made by the makers of 
Emerson Respiration Assistors for IP PB. 


Please write 


J. H. EMERSON COMPANY 
CAMBRIDGE 40, MASS., U. S. A. 


No-one, nowadays, has time to 
keep up with all the literature 
A Board of experts is constantly read 
ing, listing, abstracting to produce 


The Tuberculosis Index 
and Abstracts 
of Current Literature 


Published quarterly, each issue contains 
abstracts of the more important articles 
in world medical literature, with a list of 
some 300 other items of general interest 


Five dollars a year, from 


NATIONAL ASSOCIATION FOR THE 
PREVENTION OF TUBERCULOSIS 
Tavistock House, North, London, England 


Now Available in Spanish 


Clasificacién y 
Diagnéstico Standard 
(DIAGNOSTIC STANDARDS) 


First published by the National Tuberculosis 
Association in 1950 and now in regular use by more 
than 100,000 physicians, this accepted authority 
on terminology, standard tests and classification 
in tuberculosis has now been translated into 
Spanish by Professor H. Orrego Puelma of the Uni 
versity of Chile Faculty of Medicine, assisted by 
Doctors Raul F. Vaccareza, Ignacio Baldo and 
Armando Alonso, and is available to interested 
physicians in the form of a 64-page publication. 

To cover handling costs, a price of SO cents 
(American funds or the equivalent) has been 
established. Your order is cordially invited and 
will have immediate attention. 


Please address orders lo: 
DR. H. ORREGO PUELMA 
Hospital del Salvador, 
58 Vicuna Mackenna, Santiago, Chile 
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PARTIAL CONTENTS 


Diagnostic Procedures 
Segmental Anatomy of the Tracheo 
bronchial Tree and Lungs 
Measurement of Pulmonary Function 
The Bacterial Pneumonias 
Pneumonias of Viral and Rickettsial 
Etiology 
Pulmonary Inflammation and Fi 
brosis Due to Physical, Chemical 
and Obscure + 
Pulmonary Abscess 
Inflammatory and Suppurative Dis 
eases of the Bronchi 
Foreign Bodies in the Larynx and 
Tracheobronchial Tree 
Thoracic Injuries 
Diseases of the Diaphragm 


Bronchial Asthma and Related 
Conditions 


Pulmonary Emphysema 
Pulmonary Cysts, Bullae and Blebs 
Bronchogenic Carcinoma 
Bronchial Adenomas ang Some Other 
Intrathoracic Tumors 
Intrathoracie Metastases 
Pulmonary Congestion and Edema 
Pulmonary Embolism 
Congenital Anomalies 
Tuberculosis 
Pulmonary Tuberculosis 
Treatment of Tuberculosis 
Treatment of Pulmonary 
Tuberculosis 
Medical Aspects of Tuberculosis 
Control 
Diseases of the Pleura 
Sarcoidosis 
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Pulmonary Diseases 
Pulmonary Diseases of Occupational 
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Order Today! 


A NEW BOOK! 


DISEASES of the 
CHEST 
BY 


H. CORWIN HINSHAW,' PhD. 


Clinical Professor of Medicine, Stanford University 
School of Medicine 


AND 


L. HENRY GARLAND, M.B., B.Ch. 
Clinical Professor of Radiology, Stanford University 
School of Medicine 


Up-to-date help for your problems of di- 
agnosis and treatment. An authoritative 
book, incorporating the revolutionary ad- 
vances of the past decade in the field of 
thoracic disorders. 


634 Illustrations 
On 288 Figures 
$15.00 


W.B. SAUNDERS COMPANY 
West Washington Square, Philadelphia 5 


Please send and charge my account: 


Diseases of the Chest: Hinshaw and Garland $15.00 
Name 
Address D656 


ane 
Book 
a Al 
‘= 
‘ 
4 
{ 
{ 
a 
; 
ae 


16 THE AMERICAN REVIEW 


OF TUBERCULOSIS AND PULMONARY DISEASES 


American Trudeau Society 


Medical Section—National Tuberculosis Association 
1790 Broadway, New York 19, N. Y. 


An organization of physicians interested in pulmonary and 
other thoracic diseases, with special emphasis on tuberculosis. 


APPLICATION FOR ACTIVE MEMBERSHIP 


Name 
Print name im full 


Mailing Address» 
Place of Birth 
or town 


Education 
University 


Medical School 


Postgraduate Training 


MD. 


first, middle, last 


eity or town 


Date of Birth 


state of country 


Year graduated 


Year graduated 


Professional Societies of which a Member (local, state, and national) 


Type of Practice 


tithe of position 


name of organization 


character of work 


part or full time 


if private practice so state 


Endorsements (Two signatures of American Trudeau Society members are required.) 


This applicant is personally known to me and [ recommend his election to membership in the American 


Trudeau Society 
(print or type) 


(a) Name 
Address 
(b) Name 


Address 
Membership 


Active members shall have a medical degree. 
They may be specialists in thoracic diseases, 
physicians connected with tuberculosis hospitals 
or clinies, physicians in the public health field con 
cerned with tuberculosis control, thoracic sur- 
geons, research workers in tuberculosis, or they 
may be physicians interested in our objectives 

Candidates for active membership shall be 
recommended by the membership committee and 
elected by the Council, or the Executive Commit 
tee acting for the Council 


Signature 


Signature 


Dues 

The dues of the members shall cover member- 
ship for the calendar year ($15.00) with the excep- 
tion that those of new members may for the first 
six months cover from July to December, inclusive 
($7.50) 

Each active member will receive The American 
Review of Tuberculosis and Pulmonary 
for twelve consecutive issues. Members will also 
receive a subscription to the Bulletin of the NTA 
and to the Society's News Letter 


Diseases 


I will conform to the requirements of membership if elected. 


Date 


Signature 


Please print name here as vou wish it to appear on your membership certifiente 


Date Elected 


Date Notified 
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A FIRM IS KNOWN 
by the Company it keeps ! 
nearly 


$ GREETINGS 1955 


halfa century 


National Tuberculosis Christmas Seals. 
_ We're proud of this record as we are of 
all our products. 
EUREKA SPECIALTY PRINTING CO. 


522 ELECTRIC STREET, SCRANTON 9, PA. 


To counteract 
corticoid-induced adrenal atro- 
phy during corticoid therapy, 
routine support of the adrenals 
with ACTH is recommended. 


THIS IS THE 
PROTECTIVE DOSAGE RECOMMENDATION 
FOR COMBINED CORTICOID-ACTH THERAPY 


@ When using prednisone or prednisolone: 
for every 100 mg. given, inject approx- 


imately 100 to 120 units of HP* 
ACTHAR Gel. 


Microfilm X-rays, Records, Charts, etc. 


ONLY Micro X-Ray Recorder 
Offers These Advantages 


Two lens—give full 
15'5” 18'y” of 10" 12” & 
coverage with diagnostic de- 
toil and density. Light- 
ens darkened or over- 
exposed films by special 
panel switch. 1100 to 4490 
X-Ray films per roll— 
soves you time and money 
Use of 5 films—tlets you 
use special films to suit your © 
needs of sensitivity or econ- ay THE LOWEST PRICE 
omy. OF ALL 

Only $1295.00 


@ When using hydrocortisone 
for every 200 to 300 mg. given, inject 
approximately 100 units of HP* 
ACTHAR Gel. 


e When using cortisone: 
for every 400 mg. given, inject approx- 
imately 100 units of HP*ACTHAR Gel, 


Discontinue administration of corticoids on 
the day of the HP*ACTHAR Gel injection, 


CON GELATIN 


The Armour Laboratories brand of purified 
adrenocorticotropic hormone —corticotropin (ACTH) 


Purhed 


Unsurpassed in Safety and Efficacy 


More than 42,000,000 doses of 
ACTH have been given 


The Micro X-Ray Recorder will pay for 
itself in space and filing cabinets saved 


WRITE FOR FREE LITEPATUFE 


MICRO X-RAY RECORDER 


3755 W. Lowrence Ave. Chicago 25, ll. 
Publisher of Micro X-Ray Collection Series 


A DIVISION OF ARMOUR AND COMPANY 
KANKAREER. ILLINOIS 


THE ARMOUR LABORATORIES 
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Within four days of a Dionosil bronchogram the radio- 
paque has been absorbed into the blood stream and excreted 
in the urine. Disappearance is spontaneous without resort to 
hacking expectoration and postural drainage. The study is 
diagnostically trustworthy; bronchii are outlined rather than 
blocked cat. Alveolar flooding is avoided. With benefits so 
evident, Dionosil stands preeminent today among broncho- 
graphic media. 


DIONOSIL 


Available in two forms: DIONOSIL, on equecus suspension 
(iedine content about 30%) and DIONOSIL OILY, su sion. 
in-arechis oil (iodine content 34%) of propyliedene 
“n-propyl! ester of 3:5 diiede-4-pyridone N-acetic acid 


The Gienturce catheter introducer “leeds” 
the cotheter inte the tracheo single-handed. 
A bettery operated seed lamp ilumines the 
field which is clearly visible in the mirror on 
the tongue orm, Ask for reprint 
Bronchogrophy: ‘New Medium ond Technic’ 
Cesore Gianturce and G. A, Miller. 


25 Sovth Broedway, White Plains, N. Y. 


A. Bronchogrom (bilateral) 
spontaneous clearing 
by absorption 
4 
by instillation or intubation ATION 


BACTO-TRYPSIN 1% for Hemagglutination 
BACTO-HEMAGGLUTINATION BUFFER 


Tue use of trypsinized red cells in Rh determinations has 
improved both the sensitivity and specificity of the test making 
the direct procedure as reliable as the more involved indirect 
antiglobulin tests. Trypsin treated erythrocytes favorably in- 
fluence the determination of the A, B, 8, Le, Le> and P factors 
as well as providing a more sensitive cell suspension for virus 
hemagglutination studies. 


Bacto-Trypsin 1% for Hemagglutination 
is a carefully standardized soluble Trypsin for conditioning 
erythrocytes for Rh determinations and other hemagglutination 
tests. Bacto-Trypsin 1% for Hemagglutination is reconstituted 
by the addition of Bacto-Hemagglutination Buffer salution, 
yielding a sparklingly clear solution equivalent in tryptic activity 
to a 1 per cent solution of Trypsin, Difco 1:250. 


Bacto-Hemagglutination Buffer 
rehydrated with distilled water is recommended for the prepara- 
tion of isotonic buffered saline for use in hemagglutination 
studies, especially for reconstituting Bacto-Trypsin 1% for 
Hemagglutination and for suspending and washing erythrocytes 
preparatory for hemagglutination. 


These reagents are supplied in companion packages con- 
taining 6 vials (10 ml.) of Bacto-Trypsin 1% and 6 vials of 
Bacto-Hemagglutination Buffer each sufficient for preparing 
1000 ml. of buffered saline. 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 


DiFrco LABORATORIES 
DETROIT 1, MICHIGAN 
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£ ALEVAIRE™ aerosol in the home 


in bronchiectasis- 


“Thick, yellow, solid sputum which had been 
expectorated with difficulty became thin, color- 

BE ot Less and liquid sputum which was expectorated 
with ease and gradually diminished in volume. 

| Labored breathing and insomnia, .. . soon were 

m=, replaced by easy respiration and ability to 


* neonatal asphyxia (due to inhalation of 
amniotic fluid, mucus obstruction, 
croup « laryngitis + tracheobronchitis 
pertussis pneumonia « bronchio! asthma 
emphysema bronchiectasis lung abscess 


; * pneumoconiosis * smoke, kerosene 

+ poliomyelitis (respiratory complica .ons) 

* routine oxygen therapy + tracheotomy 
NEW YORK 16. N.Y. + WINDSOR, 


Alevaire is supplied in bottles of 60 cc. for 
intermittent therapy and in bottles of 
500 cc. for continuous inhalation therapy. 


Meveire, reg. US. Pot. OF. 
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At the end of fourtee® days he was almost completely symptom free. J : 
pulmonary 
complications 


